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BUFFON’S

NATURAL HISTORY.

OF THE DEGENERATION OF ANIMALS.

IE deer-kind whofe horns are a fort of

wood, and of folid texture, although ru-

minant, and internally formed like thofe whofe

horns are hollow and porous, feem to form a

feparate family, in which the elk is the trunk,

and the rein-deer, (tag, axis, fallow-deer, and

roe-buck, are the leffer and collateral branches ;

for there are only fix fpecies of animals whofe

heads are armed with branched horns which fall

off and are renewed every year. Independent

of this generic character, they referable each

other {till more by the formation and natural

habitude
;
we Ihould, therefore, fooner expedt

mules from the flag or fallow-deer, joined with

vol. x. B the



2 buffon’s

the rein-deer or the axis, than from an union

of the (lag with the cow.

We might be ftill better authorifed to regard

all the different kinds of fheep and goats, as

compofing but one family, fince they produce

together mules, which immediately, and in the

firfl generation, afcend to the fpecies of the

fheep. We might even add to this numerous

family of fheep and goats, thofe of the gazelles

and bubalus, which are not lefs in number.

The million, the wild goat, the chamois, the

antelope, the bubalus, the condoma, &c. feem

to be the principal trunks of this genus, which

contains more than thirty different fpecies, and

the others only acceffary branches which have

retained the principal chara£!ers of the flocks

from which they iffued
;
but which, at the fame

time, have prodigioufly varied by the influence

of the climate, the difference of the food, and

by the flate of flavery to which man has re-

duced mod animals.

The dog, the wolf, the fox, the jackal, and

the ifatis, form another genus, the different fpe-

cies of which refemble each other fo flrongly,

efpecially in their internal conformation, and

the organs of generation, that it is difficult to

conceive why they do not intermix. From

the experiments 1 made to form an union

of
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of thé dog with the wolf and fox, the repug-

nance to copulate feemed to proceed from the

wolf and fox rather than from the dog, that is

from the wild animal and not from the tame,

for thofe bitches which I put to the trial would

readily have permitted the wolf and fox, where-

as the females of the two latter would never

fuffer the approaches of the dog. The dc-

meftic flate feems to render animals lefs faith-

ful to their fpecies: it gives them alfo a greater

degree of heat and fecundity, for the bitch

generally produces twice in a year, while the

females of the wolf and fox litter only once ;

and it is to be prefumed, that thofe dogs which

have been left in defart countries, as thofe fo

greatly multiplied in the ifiand of Juan Fer-

nandes, and in the mountains of St. Domingo,

produce only once a year, like the wolf and the

fox. This circumftance, if it was proved to

be the fa£l, would fully eftablifh the unity of

genus in thefe three animals, which fo ftrongly

refemble each other by conformation as to oblige

us to attribute their repugnance to fome exter-

nal circumhances.

The dog feems to be the intermediate fpecies

between the fox and the wrolf The ancients

have dated, that the dog, in fome countries,

and under particular circumftances, engenders

B 2 with
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with the wolf and fox. I was defirous of ve-

rifying this affertion, and although I did not

fucceed in the trials I made we muft not con-

clude that it is impoffible, for my experiments

were with captive animals
;

and it is known

that in fome fpecies captivity alone is fufficient

to extinguifh the defire, and give them a re-

pugnance to copulation, even with their own

kind
;
but I am perfuaded, that when in a ftate

of freedom, and deprived of his own female,

the dog would unite with the wolf and fox,

particularly if he had become wild, loft his do-

meftic caft, and approached the manners and

natural habits of thefe animals. The fox and

wolf, however, never unite, though they live in

the fame climate and country, but fupport their

fpecies pure and unmixed; we muft, therefore,

fuppofe a more ancient degeneration than the

records of hiftory if they ever belonged to one

fpecies
;

it was for this reafon I aflerted that

the dog was an intermediate fpecies between

the fox and wolf
;
and his fpecies is alfo com-

mon, fince it can unite with both
;
and if any

thing could fhew that they all three originally

fprang from the fame ftock, it is this common
affinity between the dog, the fox, and the wolf,

and which feems to bring their fpecies nearer

than all the conformities in their figures and

organization.
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organization. To reduce the fox and wolf,

therefore, into one fpecies, we muft return to

a flate of nature very ancient indeed
;
but in

their adlual condition, as they at prefent are, we

muft look upon the wolf and fox as the chief

trunks in the genus of the five animals. The

dog, the jackal, and the ifatis, are only lateral

branches placed between the two firfl
;
the

jackal participates of the dog and wolf, and the

ifatis of the jackal and fox. By a great num-

ber of teftimonies it appears that the jackal and

the dog feem to engender readily together
;

and it is obfervable, from the defcription and

hiftory of the ifatis, that it almoft entirely re-

fembles the fox in its form and temperament,

that they are equally found in cold countries,

but that, at the fame time, it inclines to the

jackal in its difpofition, continual barking, cla-

morous voice, and the habit of always going in

packs.

The fhepherd’s dog, which I have confidered

as the original flock of every other dog, is, at

the fame time, that which approaches neareft

in figure to the fox. He is of the fame fize,

and, like the fox, he has ere£t ears, a pointed

muzzle, and a (Irait trailing tail. He alfo

draws near the fox by voi^e, fagacity, and

inftindl. The dog, therefore, may originally

have



6 buffon’s

have been the blue of the fox, if not in a dire&

at lead in a collateral line. The dog, which

Aridotle tails canis-laconicus
, and which he af-

firms to have proceeded from an union of the

fox and dog, might, poffibly, be the fame as

the fhepherd’s dog, or, at lead, it has more

relation to him than any other dog. We
might, therefore, be inclined to imagine, that

the epithet laconicus
,

left uninterpreted by

Aridotle, was only given to this dog becaufe he

was found in Laconia, a province of Greece ;

but if we attentively confider the origin of this

laconic dog, we fliall perceive that the breed was

not confined to the country of Laconia alone,

but mud have been found in every country

where there are foxes
;
and this induces me to

prefume, that the epithet laconicus might pof-

fibly have been ufed by Aridotle to exprefs

the brevity and acutenefs of his voice, becaufe

he did not bark like other dogs, but had a

fhorter and fhriller note, like that of the fox.

Now our fhepherd’s dog is that to which we

tan judly apply this term of laconic, for of all

dogs his voice is the (harped and mod rarely

employed. Eefides, the chara&ers which Arif-

totlc gives his laconic dog agree with thofe of

the diepherd’s dog, and perfectly perfuades me
they are the fajnç.

The
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The genus of cruel and rapacious animals

is one of the moft numerous and moft diver-

fified : the lion and the tiger, being detached

fpecies, rank in the firft line
;

all the others, as

the panther, the ounce, the leopard, the lynx,

the caracal, the jaguar, the couguar, the ocelot,

the ferval, the margai, and the cat, compofe

only one cruel family, whofe different branches

are more or lefs extended and diverfified ac-

cording to the difference of climates. All

thefe animals refemble each other in natural

difpofitions, although they are very different

with refpeCt to fize and figure. They all

have fparkling eyes, fhort muzzles, and fharp

crooked and retractile claws. They are all

deftruCtive, ferocious, and untameable. The
cat, which is the laft and the lead fpecies,

although reduced to flavery, continues its fe-

rocity, and is no lefs perfidious» The wild

cat has preferved, the character of the family,

and is as cruel and mifchievous as any of his

larger kindred. They are all alike carnivorous,

and enemies to other animals. Man, with all

his art and power, has not been able to anni-

hilate them : fire, fleel, poifon, pits, and every

method has been ufed againft them without

attaining that point. As the individuals aro

very prolific, and the fpecies numerous, the

efforts
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efforts of man has been limited to keeping them

at a diftance, and confining them in the de-

farts, from whence they never fally without

fpreading terror, and making great depreda-

tions. A fingle tiger ifiuing from the foreft

is fufficient to alarm a multitude of people, and

oblige them to take up arms. What then would

be the confequence if thefe fanguinary animals

came in numbers, like wolves, or jackals, to

commit their depredations ? Nature has given

this inftin£l to timid animals, but fortunately

denied it to the bold tribes, they go.fingly, and

depend upon their courage and flrength for

their fafety and fupport. Ariftotle obferved,

andjuftly remarked, that of all animals fur-

nifhed with talons not any of them are fo-

ciable, or go together in troops. This obfer-

vation, which was then confined to four or five

fpecies only, which alone were known in his

time, is extended and verified over ten or twelve

other fpecies fince difcovered. Other carni-

vorous animals, fuch as the wolf, the fox, the

dog, the jackal, and the ifatis, whofe claws are

flraight, go moftly in troops, and are all timid,

and even cowardly.

By comparing in this manner every quadru-

ped, and ranking each with its proper genus,

we fhall find, that the two hundred fpecies we

have
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have given the hiftory of, may be reduced to a

fmall number of families, or principal Items,

from which it is not impoffible all the others

have derived their origin.

To place this reduition in a regular method

we fhall obferve, that all the animals of the two

continents, as well as all thofe peculiar to the

Old World, may be reduced to fifteen genera,

and nine folitary fpecies. Thefe genera are

firft, the whole hoofed genus, properly fo

called, which includes the horfe, the zebra,

and the afs, with all the prolific and barren

mules. 2. The large cloven-hoofed with hol^

low horns, as the ox and the buffalo, with

their varieties. 3. The fmall cloven-hoofed

animals with hollow horns, fuch as the Iheep,

the goat, the gazelle, the antelope, and every

other fpecies which participates of their nature.

4. The cloven-hoofed with folid horns, which

are fhed and renewed every year
;

this family

contains the elk, the rein-deer, the flag, the

fallow-deer, the axis, and the roe- buck. 5.

The ambiguous cloven-hoofed, which is com-

pofed of the wild boar, and all the varieties of

the hog, fuch as that of Siam, with a hanging

belly, that of Guinea, with long ears, pointed

and turned backwards, and that of the Canary

iflands with thick and long tulks, &c. 6.

vol. x. C The
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The very extenfive race of digitated carni-

vorous animals with crooked and retra£lile

claws, in which we mud comprehend the pan-

ther, leopard, guépard, ounce, ferval, and cat,

with all their varieties. 7. The digitated

carnivorous animals with ftraight and fixed

claws, which include the wolf, fox, jackal,

ifatis, and the dog, with all their varieties. 8.

The digitated carnivorous animals with fixed

claws, and a pouch under their tails. This

confifts of the hyæna, civet, zibet, badger, &c.

9. The digitated carnivorous animals with

long bodies, five toes to each foot, and the great

toe, or thumb, divided from the reft
;

this ge-

nus is compofed of the ferret, martin, pole-cat,

weafel, fable, ichneumon, &c. 10. The nu-

merous family of digitated quadrupeds which

have two large incifive teeth in each jaw, and

no briftles on their bodies
;

this contains the

hare, rabbit, and every kind of fquirrels, dor-

mice, marmots, and rats. 11. The digitated

quadrupeds, whofe bodies are covered with

fpiny quills, as the porcupine and hedge-hog.

12. The digitated animals covered with feales,

as the long and Ihort-tailed manis, or fcaly li-

zards. 13. The amphibious digitated genus,

which includes the beaver, otter, mufk-rats,

walrus, and feals. 14. The four-handed genus,

which
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which comprehends the apes, baboons, mon-

kies, makis, loris, &c. 15. The winged qua-

drupeds, which includes bats, &c. with all

their varieties. The nine detached fpecies are

the elephant, rhinoceros, hippopotamus, giraffe,

camel, lion, tiger, bear, and mole, which are

all fubjedt to a greater or fmaller number of

varieties.

Of thofe fifteen genera, and nine detached

fpecies, feven genera and two fpecies are com-

mon to both continents. The two fpecies are,

the bear and the mole
;
and the feven genera

are, 1. The great cloven-hoofed with hollow

horns, for the ox is found in America, under

the form of the bifon. 2. The cloven-hoofed,

with folid horns, for the elk exifls in Canada,

under the name of orignal
;
the rein-deer, under

that of caribou; and flags, fallow-deer, and

roe-bucks, are found in all the provinces of

North America. 3. The digitated carnivorous

animals with fixed claws; for the wolf and fox

are found in the' New World as well as in the

Old. 4. The digitated animals with long

bodies, as the weafel, martin, and pole-cat,

are met with in America as well as in Europe.

5. We find alfo in America, part of the digi-

tated genus with two large incifive teeth in

each jaw, as the fquirrels, marmots, rats, &c.

C 2 6. The
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6. The digitated amphibious genus, as the

walrus, feal, beaver, and otter, exift in the

North of the New Continent. 7. The winged

genu.s exift alfo in America, as the bat and

vampire.

There remains, therefore, only eight genera,

and five detached fpecies, which are peculiar to

the Old Continent, Thefe eight genera are,

1. The whole hoofed, properly fo called, for

neither the horfe, afs, zebra, or mule, were met

with in the New Continent. 2. The fmall

cloven-hoofed beafts with hollow horns
;

for

fheep, goats, gazelles, nor antelopes exifted in

America. 3. The family of hogs; for the

fpecies of wild boar is not fo be found in

America ;
and although the pécari, and its va-

rieties, are related to this family, yet they dif-

fer in a fufficient number of remarkable cha-

ra£tersto jifttify their feparation. 4. It is the

fame with carnivorous animals with retra&ile

claws
;
we do not meet with either the panther,

leopard, guépard, ounce, or ferval, in Ame-
rica ; and although the jaguar, couguar, oce-

lot, and margai, feem to belong to this family,

there is not one of thefe fpecies of the New
World found in the Old, nor one of the Old to

be met with in the New. 5. The fame re-

mark may be applied to the digitated qua^

drirpeds
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drupeds whofe bodies are covered with prickles
;

for although the coendou and the urfon ap-

proach very nigh to this genus, neverthelefs,

thefe fpecies are very different from thofe of

the porcupine and hedge-hog. 6. The digi-

tated carnivorous genus with fixed claws, and

a pouch under the tail, for the hyæna, civets,

and the badger, do not exift in America.

7. The four-handed genus, for neither apes,

baboons, monkies, nor makis, have ever been

feen in America. The fapajous, fagoins, opof-

fums, &c. although quadrumanous, yet they

effentially differ from thofe of the Old Conti-

nent. 8. The digitated genus whofe bodies are

covered with fcales
;

for none of the fcaly li-

zards are found in America, and the ant-eaters

to whom they may be compared, are cover-

ed with hair, and differ too much from the

fcaly lizards to be confidered of the fame

family.

Of the nine detached fpecies, feven, namely

the elephant, rhinoceros, hippopotamus, giraffe,

camel, lion, and tiger, are found only in the

Old World
;
and two, viz. the bear and mole,

are common to both continents.

If we, in the fame manner, enumerate the

animals which are peculiar to the New World,

we (hall find, that there are about fifteen dif-

ferent
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ferent fpecies which may be reduced to ten

genera and four detached fpecies. Thefe four

fpecies are the tapir, the cabiai, the lama, and

the pécari
;
but there is only the tapir we can

abfolutely term detached
;

for the pécari has

varieties
;
and the pacos may be united to the

lama, and the Guinea hog to the cabiai. The
ten genera are, i. Eight fpecies of fapajous.

2. Six fpecies of fagoins. 3. The opoflums,

phalangers, tarfiers, &c. 4. The jaguars, cou-

guars, ocelots, margais, &c. 5. Three or four

fpecies of coaitis. 6. Four or five fpecies of

mouffettes. 7. The agouti genus, which com-

prehends the acouchi, the paca, the aperea, and

the tapeti. 8. That of the armadillos which

confifts of feven or eight fpecies. 9. Two or

three fpecies of ant-eaters; and, iothly, The
floth, of which we are acquainted with but

two fpecies.

Now thefe ten genera, and four detached fpe-

cies, to which all the animals peculiar to the

New World may be reduced, though they differ

from thofe of the Old Continent, neverthelefs

have fome relations which feem to indicate

fome common affinity in their formation, and

lead us to caufes of degeneration more an-

cient than any of the reft. We have already

made the general remark that all animals of the

New
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New World, were much fmaller than thofe of

the Old. This great diminution in fize, what-

ever may be the caufe, is a primary kind of de-

generation, which could not be made without

having a great influence on the figure of the

animal, apd we muft not lofe fight of this ef-

fedt in comparing them together.

The largeft is the tapir, which can only be

compared with the elephant, rhinoceros, and

hippopotamus
;
though he is not above the fize

of an afs, he claims the firfl: place for fize in

the New Continent, as the elephant does in

the Old. Like the rhinoceros, his upper lip

is mufcular and projedting
;
and, like the hip-

popotamus, he often enters the water. In fome

refpedts he reprefents them all three, and his

figure, wffiich partakes more of the afs than of

any other animal, feems to be as degraded as his

ftature is diminifhed. The horfe, the afs, the

zebra, the elephant, the rhinoceros, and the

hippopotamus, had no exiftence in America ;

neither was there an animal in this New Con-

tinent which could be compared with them,

either with refpedt to fize or figure. The ta-

pir appears to have fome affinity to the whole

of the fpecies, but he is fo mixed, and ap-

proaches fo little to any one of them that it is

not poflible to attribute his origin to any par-

ticular
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ticular fpecies. And, notwdthftanding tfiefe

trifling relations he is found to have with the

rhinoceros, the hippopotamus, and the afs, wc
muft look on him not only as a peculiar fpe-

cies, but even as a Angular genus.

The tapir, therefore, does not belong to any

fpecies of the Old Continent, and fcarcely

bears any characters which approximate him

to thofe animals wre have juft been comparing

him. The nature of the cabiai is likewife

averfe to our comparifon : externally he has

no refemblance with any other animal, and

only approaches the Indian hog of the fame

continent, by his internal parts, and both fpe-

cies are abfolutely different from all thofe of

the Old Continent.

The lama and pacos appear to have more

fignificant marks of their ancient parents : the

firft with the camel, and the fécond with the

fheep. The lama, like the camel, has a long

neck and legs, (lender head, and the upper lip

divided. He refembles the camel alfo by his

gentle manners, fervility of difpofition, endu-

rance of thirft, and aptnefs for labour. This

was the firft and moft ufeful domeftic ani-

mal of the Americans : they made ufe of him

to carry burdens, in the fame manner as the

Arabs do the camel. Here, therefore, are fuf-

ficient
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ficient refemblances in the nature of thèfe two

animals, to which we can yet add the permanent

marks of labour
;

for though the back of the

lama is not deformed by bunches like that of

the camel, he, neverthelefs, has callofities on

his bread, occafioned by the like habit he is

ufed to of reding on that part of his body.

Notwithdanding all thefe affinities the lama is

a very didinCt and different fpecies from that

of the camel. He is much fmaller, not ex-

ceeding a fourth or a third part of the camel’s

magnitude. The ffiape. of his body, and the

quality and colour of his hair, are alfo very

different. His temperament is dill more fo,

for he is a phlegmatic animal, and delights

only to live on the mountains, whereas the

camel is of a dry temperament, and willingly

inhabits the mod fcorching fands. On the

whole, there are more fpecific differences be-

tween the camel and the lama than between

the camel and the giraffe. Thefe three ani-

mals have many characters in common, by

which they might be united to one genus, but,

at the fame time, they differ fo much in other

refpeCts that we cannot fuppofe them to be the

iffue of one another
;
they are, therefore, only

neighbours and not relations. The height of

the giraffe is nearly double that of the camel,

vol. x. D and
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and the camel double that of the lama. The
two firft belong to the Old Continent, and

form feparate fpecies. The lama, therefore,

which is only found in the New, muft be a

diftin£t fpecies from both.

It is not the fame with refpeft to the pécari,

for though a different fpecies from the hog, he,

neverthelefs belongs to the fame genus. He
refembles the hog in fhape and almofl every

external relation, and only differs from that

animal in fome trifling characters, fuch as the

aperture on his back, fhape of the flomach,

inteftines, &c. We might, therefore, be led

to fuppofe that this animal fprung from the

fame flock as the hog, and formerly he had

parted from the Old World to the New, where,

by the influence of the foil, he had degenerated

to fo great a degree as now to conflitute a dif-

tin£t fpecies.

With regard to the pacos, though it appears

to have fome affinities with the fheep, by the

wool and habit of body, it differs fo greatly in

every other refpect, that it cannot be looked

on as a fpecies which are either neighbours or

allies. The pacos is rather a fmall lama, and

has not a fingle mark which indicates its

having parted from one continent to the other.

Thus of the four detached fpecies peuliar to

the



NATURAL HISTORY. '9

the New World, three, namely, the tapir, the

cabiai, the lama, the pacos, appear to belong

originally to this continent, whereas the pécari,

which forms the fourth, feems to be only a

degenerated fpecies of the hog, and to have

formerly derived its origin from the Old Con-

tinent.

By examing and comparing, in the fame

manner, the ten genera, to which we have

reduced the other animals peculiar to South

America, we (hall difcover, not only lingular

relations in their nature but marks of their

ancient origin and degeneration. The fapajous

and fagoins bear fo great a refemblance to the

monkies, that they are commonly included

under that name. We have proved, however,

that their fpecies, and even their genera, are

different. Befides, it would be very difficult to

conceive how the monkies of the Old Con-

tinent could affume in America a different-

(haped vifage, along, mufcular, and prehenfile

tail, a large partition between the noftrils, and

other characters, both fpecific and generic, by

which we have diftinguiihed and feparated

them from the fapajous. But. as the monkies,

apes, and baboons, are only found in the Old

Continent, we mud look upon the fapajous

and fagoins as their reprefentatives in the New,

D 2 fof
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for thefe animals have nearly the fame form,

as well externally as internally, and aifo have

many things in common in their natural habits

and difpofnions. It is the fame with refpeéfto

the makis, none of which are found in Ame-

rica, yet they feem to be reprefented there by

the opoffums, or four-handed animals, with

pointed muzzles, which are found in great

numbers in the New Continent, but exifl not

in the Old. We muff, however, obferve, that

thefe is much more difference between the

nature and the form of the makis, and of thefe

four-handed American animals than between

the monkies and the fapajous; and that there is

fo great a diftance between the opoffums and

the maki that we cannot form an idea that the

one ever proceeded from the other, without fup-

pofing that degeneration can produce effeéts

equal to thofe of a new nature; for the greateft

number of thefe American four-handed ani-

mals have a pouch under the belly, ten incifive

teeth in each jaw, and a prehenfile tail
;
whereas

the maki has a flaccid tail, no pouch under the

belly, and only four incifive teeth in the upper

jaw, and fix in the lower; therefore, though all

thefe animals have hands and fingers of the

fame form, and alfo refemble each other in the

elongation of the muzzle, yet their fpecies,

and
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and even their genera, are fo different, that we

cannot imagine them to be one and the fame

iffue, or that fuch great and general difparities

have ever been produced by degeneration.

On the other hand, the tigers, of America,

which we have indicated by the names of ja-

guars, couguars, ocelots, and margais, though

different in fpecies from the panther, leopard,

ounce, guépard, and ferval, of the Old Con-

tinent, are, neverthelefs, of the fame genera.

All thefe animals greatly referable each other,

as much externally as internally
;
they have

alfo the fame natural difpofitions, the fame fe-

rocity, the fame vehement third; for blood, and

what approximates them dill nearer in genus,

thofe which belong to the fame continent differ

more from each ether than from thofe of the

other Continent. For inftance, the African

panther differs lefs from the Brafilian jaguar

than the latter does from the couguar, though

they are natives of the fame country. The
Afiatic ferval, and the margai of Guiana, like-

wife differ lefs from one another than from the

fpecies peculiar to their own continents. We,
therefore, may juftly fuppofe, that thefe animals

had one common origin, and that, having for-

merly paffed from one continent to the other,

their aétual differences have proceeded only

from
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from the long influence of their new fnuation.

The mouffettes, or flinkards, of America, and

the polecat of Europe, feem to be of the fame

genus. In general, when a genus is common
to both continents the fpecies which compofe

it are more numerous in the Old than in the

New
;
but in this inftance it is quite the con-

trary, for there are four or five kinds of pole-

cats in America, while we have only one, the

nature of which is inferior to that of all the

reft
;

fo that the New World, in its turn, feems

to have reprefentatives in the Old
;
and if we

judged only from the fa£t we might think thefe

animals had taken the oppofite road, and paffed

from America to Europe. It is the fame with

refpedt to fome other fpecies. The roe-bucks

and the fallow-deer, as well as the ftinkards,

are more numerous, larger, and ftronger in the

New Continent than in the Old
;
we might,

therefore, imagine them to be originally na-

tives of America
;
but as we cannot doubt Jbut

that every animal was created in the Old Con-

tinent, we muft, confequently, admit of their

migration from the Old to the New World,

and at the fame time fuppofe, that inftead of

having degenerated, like other animals, they

have improved their original nature by the in-

fluence of the foil and climate.

The



NATURAL KISTORY. 23

The ant-eaters, which are fingular animals,

and of which there are three or four fpecies in

the New World, feem alfo to have their repre-

Tentatives in the Old. The fcaly lizards re-

femble them in the peculiar character of hav-

ing no teeth, and of being obliged to put out

their tongues, and feed upon ants
;
but if we

would fuppofe them to have one common ori-

gin, it is ftrange, that inftead of fcales, with

which they are covered in Afia, they are clothed

with hair in America.

With refpe£t to the agoutis, pacos, and other

animals of the feventh ^genus peculiar to the

New Continent, we can only compare them

with the hare and rabbit, from which, how-

ever, they all differ in fpecies. What renders

their being of a common origin doubtful is, the

hare being difperfed aimoft over every climate

of the Old Continent, without having under-

gone any other alteration than in the colour of

its hair. We cannot, with any foundation,

therefore, imagine that the climate of America

has fo far changed the nature of our hares to To

great a degree as to make them tapetis or ape-

reas, w'hich have no tail
; or agoutis with

pointed muzzles, and fhort round ears
;
or

pacos, with a large head, fhort ears, and a

coarfe hair marked with white ftripes.

On
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On the whole, the coaitis, the armadillos,

and the floths, are fo different, not only in fpe-

cies, but alfo in genus, from every animal of

the Old World, that we cannot compare them

with any one
;

it is alfo impoflible to refer them

to any common origin, or attribute to the ef-

fects of degeneration the prodigious differences

found in their nature from that of every other

animal.

Thus, of ten genera, and four detached

fpecies, to which we have endeavoured to re-

duce all the animals peculiar to the New
World, there are qnly two, the genus of the

jaguars, ocelots, &c. and the fpecies of the

pécari, with their varieties, which can with any

foundation be connected with the animals of

the Old Continent. The jaguars and ocelots

may be regarded as a fpecies of the leopard or

panther, and the pécari as a fpecies of hog.

After thefe are five genera and one detached

fpecies, namely, the fpecies of the lama and the

genera of fapajous, fagoins, ftinkards, agoutis,

and ant-eaters, which may be compared, tho’

in a very wide and equivocal manner, with

the camel, monkey, polecat, hare, and fcaly-

lizards. There then remain four genera and

two detached fpecies, namely, the opoffums,

the coatis, the armadillos, the floths, the tapir,

and
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and the cabiai, which can neither be deferred

nor compared to any genera or fpecies of the

Old Continent. This fufficiently proves that

the origin of thefe animals, peculiar to the

New World, cannot be alone attributed to de-

generation. However great and powerful the

effects of degeneration may be fuppofed, we
cannot, with any appearance of reafon, per-

fuade ourfelves that thefe animals were original-

ly the fame as thofe of the Old Continent. It is

more reafonable to imagine that the two con-

tinents were formerly joined, and that thofe

fpecies which inhabited the New World, be-

caufe they found the climate and foil moft fuit-

able to their nature, were feparated from the

reft by the irruption of the fea when it divided

Afia from America. This is a natural caufe,

and fimilar caufes might be conceived which

would produce the fame effect
;

for example,

if the fea fhould make an irruption from the

eaftern to the weftern fide of Afia, and thus fe-

parate the fouthern parts of Africa and Afia

from the reft of the Continent, all the animals

peculiar to the fouthern countries, fuch as the

elephant, the rhinoceros, the giraffe, the zebra,

the orang-outang, &c. would be, relatively to

the others, the fame as thofe of South America

actually are
;
they would be entirely feparated

vol. x. E from
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from the animals of the temperate countries,

and could not be referred to an origin common
to any of the fpecies or genera which inhabit

thefe countries, on the foie foundation that

fome imperfeft refemblances, or diftant rela-

tions, might be obferved between them.

We muft, therefore, to find out the origin of

thefe animals, turn back to the time when the

two continents were not feparated, and refer to

the firft changes which happened on the furface

of the globe. We muft, at the fame time, place

before our view the two hundred fpecies of

quadrupeds as conftituting thirty-eight fami-

lies
;
and although this is not the ftate of Na-

ture, fuch as it is come down to us, but, on the

contrary, a much more ancient ftate, which we
can only attain by induâions and relations

nearly as fugitive as time, which feems to have

effaced their traces, we have endeavoured, by

fa£ts and monuments ftill exifting, to return

to thofe firft ages of Nature, and to exhibit

thofe epochas which appear to be moft clearly

indicated.

NATURE
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NATUREANDPROPERTIESOFMINERAL S>

FEGETABLES, (Ac.

LIGHT, HEAT, AND FIRE.

A LL the powers of Nature with which we
are acquainted, may be reduced to two

primitive forces
;
the one which caufes weight,

and that which produces heat. To them im-

pulfion is fubordinate
;

it depends on the firft

for its particular, and on the latter for its ge-

neral effeds. As impulfion cannot exercife

itfelf but by the means of a fpring, and the

fpring only ads by virtue of the force which

approaches the remote parts, it is clear, that

to perform its power it has need of the con-

currence of attradion : for if matters ceafed

to attrad, if bodies loft their coherence, every

fpring would be jdeftroyed, every motion

intercepted, and every impulfion void
;

fince

E 2 motion
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motion cannot tranfmit itfelf from one body to

another but by elafticity
;

it is demonftrable,

that one body abfolutely hard and inflexible,

would be almoft immoveable, and entirely in-

capable of receiving the aftion of another.

Attraction being general and permanent, im-

pulfion, which in moft bodies is neither con-

fiant nor fixed, depends on it as a particular

effeft
;

for, if all impulfion was deftroyed, at-

traction would (till equally fubfift and aft
;

it is, therefore, this eflential difference which

makes impulfion fubordinate to attraction in

all inanimate and purely paflive matter.

But this impulfion depends (till more imme-

diately, and generally, on the power which pro-

duces heat
;

for it is principally by the means

of heat, that impulfion penetrates organized

bodies
;

it is by heat that they are formed, grow,

and develope. We may refer to attraction

alone all the effefts of inanimate matter
;
and

to this power of attraction, joined to that of

heat, every phenomena of live matter. By

live matter I underftand not only every thing

that lives, or vegetates, but alfo every living

organic molecule, difperfed in the wafte or

remains of organized bodies. In it I com-

prehend light, heat, fire, and all matter which

appears to be aftive in itfelf. Now this live

matter
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matter always tends from the centre to the cir-

cumference, whereas brute or inanimate matter

tends from the circumference to the centre. It

is an expanfive power which animates the live

matter, and it is an attractive force to which

the inanimate matter is obedient. Although

the directions of thefe two powers are diame-

trically oppofite, they balance themfelves with-

out ever being deftroyed, and from their com-

bination being alike active, all the phenomena

of the univerfe refults.

But it maybe faid, by reducing all the powers

of Nature to attraction and expanfion, without

giving the caufe of either, and by rendering

impulfion, (which is the only force whofe caufe

is known and demonftrated to our fenfes) fu-

bordinate to both, do you not abandon a clear

idea, and fubftituto two obfcure hypothefes in

its place ? To this I anfwer, that as we knew

nothing except by comparifon, we fhall never

have an idea of what a general effect will pro-

duce, becaufe fuch an effect would belong to

every thing, we fhould be unable to compare

it to any, and confequently there is no hope

of ever knowing the caufe or reafon why all

matter attracts, although we are fenfible fuch

is the fact. If, on the contrary, the effect was

particular, like that of the attraction of the

loadftone
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loadftone and fteel, we might expert to difco-

ver the caufe, becaufe it might be compared to

other particular effects. To alk why matter is

extended, heavy, and impenetrable, are ill-

conceived propofitions, and merit not an an-

fwer
;

it is the fame with refpect to every par-

ticular property, when it is effential to the

fubject, and we might as well be interrogated

why red is red ?

It is fufficient that the forces of attraction

and expanfion are two general, real, and fixed

effects, for us to receive them for caufes of par-

ticular ones
;
and impulfion is one of thefe ef-

fects, which wemu ft not look upon as a general

caufe, known and demonftrated by our fenfes,

fince we have proved that this force of impul-

fion cannot exift nor act, but by the means of

attraction, which does not fall upon our fenfes.

Nothing is more evident, nay, certain, than

the communication of motion by impulfion ;

it is fufficient for one body to ftrike another to

produce this effect. But even in this fenfe, is#

not the caufe of attraction moft evident, and

that motion, in all cafes, belongs more to at-

traction than impulfion ?

The firft reduction being made, it might be

perhaps poffible to adduce a fécond, and to bring

back the powTer even of expanfion to that of at-

traction.
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traCtion, infomuch that all the forces of matter

would depend folely on a primitive one. Now
cannot we conceive that this attraction changes

into repulfion every time that bodies approach

near enough to rub together, or ftrike one againft

the other? Impenetrability, which we mud
not regard as a force, but as an eflential refift-

ance to matter, not permitting two bodies to

occupy the fame place, what mult happen when

two molecules, which attrad the more power-

fully as they approach nearer, fuddenly ftrike

againft each other ? Does not then this invin-

cible refiftance of impenetrability, become an

aCtive force, which, in the contaCt, drives the

bodies with fo much velocity, as they had ac-

quired at the moment they touched ? And from

hence the expanfive will not be a particular

force oppofed to the attractive one, but an ef-

feCt derived therefrom. I own, that we muft

fuppofe a perfeCt fpring in every molecule of

matter, to have a clear conception how this

change of attraction into repulfion is performed.

But even this is fufficiently indicated by faCts ;

the more matter is attenuated, the more it takes

a fpring. Earth and water, which are the

moft grofs aggregates, have a lefs fpring than

air ;
and fire, which is the moft fubtle of all

the elements, is alfo that which has the moft

expanfive
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expanfive force. The fmalleft molecules ofmat**

ter,the fmalleft atoms whichweknow are thofe of

light, and we are fenfibleof their being perfectly

elaftic, fince the angle under which the light is

reflected, is always equal to that under which it

comes. We can therefore infer, that all the con-

ftitutive parts of matter in general, are a perfedi:

fpring
;
and that this fpring produces all the ef-

fets of the expanfive force, every time that bo-

dies ftrike by meeting in oppofite diredlions.

We know of no other means of producing

fire, but by ftriking or rubbing bodies toge-

ther*; fince by fuppofing man without any

burning glafles,and without adtual fire, he will

have no other means of producing it
;

for the

fire produced by uniting the rays of light, or by

application of fire already produced, had the

fame origin.

Expanfive force, therefore, in reality might

be only the re-adtion of the attradtive, a re-

adtion which operates every time that the pri-

mitive molecules of matter, always attradled

one by the other, happen immediately to touch
;

for from hence it is neceflary, that they are

repelled

* The fire, which arifes from the fermentation of herbs heap-

ed together, and which manifefts itfelf in effervefcences, are not

exceptions that can be oppofed to me, fince this production of

fire depends, like alt the reft, from the action of the fhocjg. of the

parts of matter one againft the other.
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repelled with as much velocity as they had ac-

quired in a contrary direction, at the moment

of contact, and when thefe molecules are abfo-

lutely free from all coherence and only obey

the motion alone produced by their attraction,

this acquired velocity is immenfe in the point

of contact. Heat, light, and fire, which are

the greateft effects of expanfive force, will be

produced every time that bodies fhall be arti-

ficially or naturally divided into very minute

parts, and fhall meet in oppofite directions;

arid the heat will be fomuch the more fenfible,

the light more bright, the fire more violent, as

the molecules are precipitated one againft the

other with more velocity by their force of mu-

tual attraction.

From the above it muft be concluded, that

all matter may become light, heat, and fire ;

and that this matter of fire and light is not a

fubftance different from all others but preferves

its effential qualities, and even mod of the at-

tributes of common matter, is evidently prov-

ed by, firft, „ Light, though compofed of par-

ticles almoft infinitely minute, is, neverthe-

lefs, ft i'll divifible, fince with the prifm we
feparate the rays, or different coloured atoms

one from another. Secondly, light, though

in appearance endowed with a quite oppofite

VOL. x. F quality
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quality to that of weight, that is, with a vola-

tility which we might think eflential, is, never-

thelefs, heavy like all matter, fince it bends

every time it pafles near other bodies, and finds

itfelf inclined to their fphere of attraction. It

is very heavy, relative to its volume, which is

very minute, fince the immenfe velocity with

which light moves in a direct line, does not pre-

vent it from feeling fufficient attraction near

other bodies, for its direction to incline and

change in a very fenfible manner to our eyes.

Thirdly, the fubftance of ’ light is not more

fimple than all other matter, fince it is com-

pofed of parts of unequal weight
; the red rays

are much heavier than the blue
;
and between

thefe two extremes there are an infinity of in-

termediate rays, which approach more or lefs

the weight of the red, or the lightnefs of the

blue, according to their fhades. All thefe con-

fequences are neceflarily derived from the phe-

nomena of the inflection of light, and of its re-

fraCtion, which, in reality, is only an inflexion

which operates when light pafles acrofs tranf-

parent bodies. Fourthly, it may be demon-

ftrated, that light is maflive, and that it aCts, in

fome cafes, as all other bodies aCt
; for, inde-

pendent of its ordinary effeCt, which is to fhine

before our eyes, and of its own aCtion, always

accom-
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accompanied with eclat, and often with heat,

it a£ts by its mafs when it is condenfed by unit-

ing, and it a£ts to the point of putting in mo-

tion heavy bodies placed in the focus of a good

burning glafs: it turns a needle on a pivot

placed in its focus : it difplaces leaves of gold

or filver before it melts or even fenfibly heats

them. This a&ion, produced by its mafs,

precedes that of heat : it operates between the

condenfed light and the leaves of metal in the

fame manner as it operates between two other

bodies which become contiguous, and, confe-

quently, has (till this property in common with

all other matter. Fifthly, Light is a mixture,

like common matter, not only of more grofs

and minute parts, more or lefs heavy or move-

able, but alfo differently fhaped. Whoever

has obferved the phenomena which Newton

calls the accejs of eafy reflection, and of eafy tranf-

miflion oflight ;
and on the effeéts of double re-

fraction of rock and Iceland chryftal, mull have

perceived that the atoms of light have many

fides, many different furfaces, which, according

as they prefent themfelves, conftantly produce

different effects.

Here, then, is fufficient to demonftrate that

light is neither particular nor different from

common mattery that its effence, and itseffen-

F 2 tial
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tial properties, are the fame
;
and that it differs

only from having undergone, in the point of

contact, the repul fion from whence its volati-

lity proceeds
;
and in the fame manner as the

effect of the force of attraction extends, always

decreafing as the fpace augments, the effects of

repulfion extends and decreafes the more, but

in an inverted order, infomuch that we can

apply to the expanfive force all that is known

of the attractive. Thefe are two inftruments

of the fame nature, or rather the fame infini-

ment, only managed in two oppofite direc-

tions.

All matter will become light, for if all co-

herence was deftroyed it would be divided into

molecules fufficiently minute, and thefe mole-

cules, being at liberty, will be determined by

their mutual attraction to rufh one againft the

other. In the moment of the fhock the re-

pul five force will be exercifed, the molecules

will fly in all directions with an almoft infinite

volatility, which, neverthelefs, is not equal to

their velocity acquired in the moment of con-

tact, for the law of attraction being augmented

as the fpace diminilhes, it is evident, that at

the contact the fpace is always proportionable

till the fquare of the diftance becomes nil, and,

confequently, the velocity acquired by virtue

of
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of the attraction mud at this point become al-

moft infinite : this velocity mud be infinite if

the contact was immediate, and, confequently,

the diftance between the two bodies void
;
but

there is nothing in Nature entirely nil, and

nothing truly infinite
;
and all that I have ob-

ferved of the infinite minutenefs of the atoms

which conftitute light, of their perfect fpring,

and of the nil diftance in the moment of contaCt,

mud be underftood only with reftri&ion. If

this metaphyfical truth were doubted, a phyfical

demonftration may be given. It is pretty gene-

rally known that light employs feven minutes

and a half to come from the fun to the earth ;

fuppofing, therefore, the fun at thirty-fix mil-

lions of miles, light darts thro’ this enormous

diftance in that fhort fpace, that is (fuppofing

its motion uniform), eighty thoufand miles in

one fécond. But this velocity, although pro-

digious, is yet far from being infinite, fince it

is determinable by numbers. It will even ceafe

to appear fo prodigious when we refleCt on the

celerity of the motion of the comets to their

perihelia, or even that of the planets, and by

computing that we fhall find the velocity of

thofe immenfe maffes may pretty nearly be

compared with thatof the atoms of light.

So
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So, likewife, as all matter can be converted

into light by the divifion and expulfion of its

parts, when they feel a fhock one againft an-

other, we fhall find that all the elements are

convertible
;
and if it has been doubted whether

light, which appears to be the mod fimple ele-

ment, may be converted into a folid fubftance,

it is becaufe we have not paid fufficient atten-

tion to every phenomena, and were prejudiced,

that being effentially volatile it cannot ever

become fixed. But it is plain that the fixity

and volatility depends on the fame attractive

force in the firft cafe, and becomes repulfive in

the fécond
;
and from thence we are led to

think that this change of matter into light, and

from light into matter, is one of the mod fre-

quent operations of Nature*.

Having {hewn that impulfion depends on

attraction
;

that the expanfive force, like the

attractive, becomes negative
;

that light, heat,

and fire, are only modes of the common exit-

ing matter ; in one word, that there exjfts but

one foie force, and one foie matter, ever ready

to attract or repel, according to circumftances
;

let us fee how, with this fingle fpring, and this

Angle fubject, Nature can vary her works,

ad infinitum . In the point of general view,

light, heat, and fire, only make one object, but
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in a particular point of view they are three dif-

tin£t objects, which, although refembling in a

great number of properties, neverthelefs differ

by a few others, fufficiently effential for us to

confider them as three different things.

Light, and elementary fire, it is faid, only

compofe one and the fame thing. This may

be, but as we have not yet a clear idea of ele-

mentary fire we (hall defift from pronouncing

on this firft point. Light and fire, fuch as

we are acquainted with, are two diftinâ: fub-

ftances, differently compofed. Fire is, in fa6t,

very often luminous, but it fometimes alfo exifts

without any appearance of light. Fire, whether

luminous or obfcure, never exifts without a

great heat, whereas light often burns with a

noife without the leaft fenfible heat. Light

appears to be the work of Nature, while fire

is only the produce of the induftry of man.

Light fubfifts of itfelf, and is found diffufed

in the immenfe fpace of the whole univerfe.

Fire cannot fubfift without food, and is only

found in fome parts of this fpace where man
preferves it, and in fome parts of the profun-

dity of the earth, where it is alfo fupported by

fuitable food. Light, when condenfed and

united by the art of man, may produce fire,

but it is only as much as it lets fall on com-

buftible
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buftible matters. Light is therefore no more*

and in this fingle inftance, only the principle

of fire, and not the fire itfelf : even this prin-

ciple is not immediate, for it fuppofes the in-

termediate one of heat, and which appears to

appertain more than light to the elfence of

fire. Now heat exifls as often without light as

light exifls without heat : thefe two principles,

therefore, might appear not to bind them ne-

eeffarily together
;

their effeds are not co-

temporary, fince in certain circumflances we
feel heat long before light appears, and in

others we fee light long before we feel any

heat. From hence is not heat a mode of being,

a modification of matter, which, in fad, dif-

fers lefs than all the reft from that of light,

but which can be confidered apart, and ftili

more eafily conceived ? It is, neverthelefs, cer-

tain, that much fewer difcoveries have been

made on the nature of heat than on that of

light
;
whether man better catches what he fees

than what he feels
;
whether light prefents

itfelf generally as a diftind and different fub-

ftance from all the reft, has appeared worthy

of a particular confideration
;

whereas heat,

the effed of which is the moft obfcure, and

prefents itfelf as a lefs detached and lefs fimple

objed, has not been regarded as a diftind

fubftance.
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fubftance but as an attribute of light and

fire.

The firft thing worthy of remark, is, that

the feat of heat is quite different from that of

light ;
the latter occupies and runs through the

void fpace of the univerfe, heat, on the con-

trary, is diffufed in all folid matter. The globe

of the earth, and all matters of which it is com-

pofed, have a confiderable degree of heat. Wa-
ter has its degree of heat which it does not lofe

but by lofing its fluidity. The air has alfo

heat, which we call its temperature, and which

varies much, but is never entirely loft, fince

its fpring fubfifts even in the greateft cold.

Fire has alfo its different degrees of heat, which

appear to depend' lefs on its own nature, than

on that of the aliments which feed it. Thus

all known matter poflefles warmth ;
and, from

hence, heat is a much more general affection

than that of light.

Heat penetrates every body without excep-

tion which is expofed to it, while light pafles

through tranfparent bodies alone, and is flop-

ped and in part repelled, by every opaque one.

Heat, therefore, acfts in a more general and

palpable manner than light, and although the

molecules of heat be exceflively minute, fince

they penetrate the moft compaét bodies, it

vol. x. G feems
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feems, however, demonftrable, that they are

more grofs than thofe of light
;

for we make

heat with light, by colle&ing it in a great quan-

tity. Befides, heat aâing on the fenfe of feel-

ing, it is necelTary that its action be propor-

tionate to the groflnefs of this fenfe
;
as the

delicacy of the organs of fight appears to be

to the extreme finenefs of the parts of light
;

thefe parts move with the greateft velocity, and

act in the inftant to immenfe diftances, whereas

thofe of heat have but a flow progreflive mo-

tion, which only extends to fmall intervals of

the bodies they may emanate.

The principle of all heat feems to be the

attrition of bodies
;
all friction, that is, all mo-

tion, between folid matters produces heat
;
and

if the fame effect does not happen to fluids, it

is becaufe their parts do not touch clofe enough

to rub one againft the other
;
and that, having

little adherence between them, their refift-

ance.to the fhock of other bodies is too weak

for the heat to be produced to a fenfible degree;

but we often fee light produced by an attrition

of a fluid, without feeling any heat. All bo-

dies heat as foon as they meet in a contrary

direction
;

heat is, therefore, produced by the

motion of ail palpable matter. The production

of light is alfo made by motion, but in a con-

trary
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trary direction, for that fuppofes the divifion

of matters into very minute parts : and as this

operation of Nature is the fame with refpect

to both, we mufl conclude, that the atoms of

light are folrd of themfelves, and are hot at the

moment of their birth. But we cannot alike

afcertain, that they preferve their heat in the

fame degree as their light, nor that they ceafe

from being hot before they ceafe from being

luminous. Familiar experiments indicate, that

the heat of the fun’s light augments by palling

acrofs a plain of ice, although the quantity of

ice be diminifhed confiderably by the reflec-

tion which is made on its external furface, and

that even the matter of glafs retains a certain

quantity* Other experiments more deeply en-

quired into, feem to prove, that light augments

heat in proportion as it traverfes a greater ex-

tent of our atmofphere.

It is well known, that heat grows lefs, or

cold becomes greater, the higher we afcend ori

the mountains. The heat which proceeds

from the terreftrial globe, muft, of courfe, be

fenfibly lefs on thofe advanced points, than it is

on the plains; but this caufe is not proportion-

able to the effect
;

the action of heat, which

a£ts on the terreftrial globe, not being able to

diminilh but; by the fquare of the diftance, it

G 2 does
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does not appear that at the height of half a

mile, which is only the three thoufandth part

of the femi-diameter of the globe, whofe centre

muft be taken for the focus of heat, that this

difference, which in this fuppofition is only a

unit and nine millions, can produce a diminu-

tion of heat nearly fo confiderable
;

for the

thermometer lowers at that height at all times

of the year to the freezing point. It is not

probable, that this great difference of heat Am-

ply proceeds from the difference of the earth ;

and of that we muft be fully convinced, if we
confider, that at the mouth of the volcanos,

where the earth is hotter than in any other part

on the furface of the globe, the air is nearly

as cold as on, other mountains of the fame

height.

The period for bodies cooling being propor-

tioned to their diameter, it fhould feem that a

fingle moment of time was fufficient to cool

the fmall atoms of light, although they were

very hot when they darted from the fun, and

this would be the cafe if they were detached
;

but as they almoft immediately fucceed each

other, and are the more confined as they are

nearer the place of their origin, the heat loft

by each atom falls on the neighbouring ones
;

and this reciprocal communication fupports

the
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the general heat of light a longer time, and as

they proceed in a confiant di red ion
;
even in

diverging rays, as iheir diftance from each

other increafes according to the fpace they run

over, and as the heat which flies from each

atom, as a center, diminifhes alfo in the fame

ratio, it follows, that the light of the folar rays,

decreafing in an inverted ratio from the fquare

of the diftance, that of their heat decreafes

in an inverted ratio of the fquare of this fame

diftance.

Taking, therefore, the femi-diameter of the

fun for a unit, and fuppofing the adion of light

to be as 1000, to the diftance of a femi-diame-

ter of the furface of this planet, in coming to

us, who are thirty-fix millions of miles diftant ;

the adion of light will be more than fifty thou-

fand times weaker than when it quitted the

fun
;
and the heat of each atom of light, being

alfo fuppofed a thoufand at quitting the fun,

will be more than 20500 millions weaker than

when it darted from that planet.

If even this diminution of the heat of light

(hould not be admitted by reafon of the fquared

fquare of the diftance to the fun, it will ftill

be evident that heat, in its propagation, dimi-

nifnes more than light. If we excite a very

ftrong heat, by kindling a large fire, we fhall

only
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only feel it at a moderate diftancc, but we fhaîf

fee the light at a very great one. If we bring

our hands by degrees nearer and nearer a

body exceftively hot, we fhall perceive that

the heat increafes much more in proportion

than as the fpace diminifhes
;

for we may
warm ourfelves with pleafure at a diftance

which differs only by a few inches from that

at which we fhould be burnt. All appears,

therefore, to indicate, that heat diminifhes in

a greater ratio than light, in proportion as both

are removed from the focus from which they

iffued.

This might lead us to imagine, that the

atoms of light would be very cold when they

came to the furface of our atmofphere
;
but by

traverfing the great extent of this tranfparent

mafs, they receive a new heat by fri&ion.

The infinite velocity by which the particles of

light graze thofe of the air, mu ft produce a

heat fo much the ftronger as the friftion is

more multiplied : and it is, probably, for this

reafon, that the heat of the folar rays is found

much ftronger in the lower parts of the atmo<-

fphere, and that the coldnefs of the air appears

to augment as we are elevated. Perhaps, like-

wife, as light receives heat only by uniting, a

great number of atoms of light is required to

conftitute
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«onftitute a fingle atom of heat, and this may

be the caufe why the feeble light of the moon,

although in the atmofphere, like that of the fun,

does not receive any fenfible degree of heat.

If, as M. Bouguer fays, the intenfity of the

light of the fun to the furface of the earth is

300,000 times ftronger than that of the moon,

the latter muft be almoft infenfible, even by

uniting it in the focus of the moft powerful

burning glaffes, which cannot condenfe it more

than one hundred times
; fubtraéting the half

ofwhich for the lofs by reflexion or refraflion,

there remains only a three hundredth part of

intenfity to the focus of the glafs.

Thus, we muft not infer that light can exift

without any heat, but only that the degrees

of this heat are very different, according to

different circumftances, and always infenfible

when light is very weak. Heat, on the con-

trary, feems to exift habitually, and even to

caufe itfelf to be ftrongly felt without light ;

for in general it is only when it becomes ex-

ceflive, that light accompanies it. But the

very effential difference between thefe two mo-

difications of matter is, that heat, which pene-

trates all bodies, does not appear to fix in any

one, whereas light incorporates and extin-

guifhes in all thofe which do not refleâ, or

permit
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permit it to pafs freely
;
heat bodies of all kinds

to any degree, in a very fhort time they will

lofe the acquired heat, and return to the general

temperature. If we receive light on black or

white bodies, rude or polifhed, it will eafily be

perceived, that fome admit, and others repel it ;

and thatinftead of being affefted in an uniform

manner as they are by heat, they are only fo

relatively to their nature, colour, and polilh.

Black will abforb more light than white, and

the rough more than the fmooth. Light once

abforbed remains fixed in the body which re-

ceived it, nor quits it like heat
;
from whence

we muft conclude, that atoms of light may be-

come conftituent parts of bodies by uniting

with the matter which compofes them
;
whereas

heat not fixing atall,feems to prevent the union

of every part of matter, and only aéts to keep

them feparate. Neverthelefs, there are in-

fiances where heat remains fixed in bodies, and

others where the light they have abforbed re-

appears, and goes out like heat.

After all there appears to be two kinds of

heat, the one luminous, of which the fun is the

focus ; the other obfcure, of which the grand

refervoir is the terreflrial globe. Our body, as

making part of the globe, participates of this

obfcure heat
;
and it is for this reafon, that

it
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it is dill obfcure to us, becaufe we do not per-

ceive it by any one of our fenfes. It is with

refpe£t to this heat of the globe, as with its

motion, we are fubjeél to and participate there-

of without feeling or doubting of it : from

hence it happened that phvficians at firft car-

ried all their views and enquiries on the heat of

the fun, without fufpeéting that it makes but

a very fmall part of what we really feel
; but

having made inftruments to difcover the differ-

ence of the immediate heat of the rays of the

fun, they, with aftonifhment, found that the

heat of them was fixty-fix times ftronger in

fummer than in winter, notwithftanding the

ftrongeft heat of our fummer differs only a

feventh from the ftrongeft cold of our winter
;

from whence they have concluded, that, inde-

pendent of the heat we receive from the fun,

there emanates another, even from this terref-

trial globe, which is much more confiderable
;

infomuch, that it is at prefent demonftrable,

that this heat, which efcapes from the bowels

of the earth, is in our climate at leaft twenty-

nine times in fummer, and four hundred times

in winter, ftronger than the heat which comes

to us from the fun.

This ftrong heat, which refides in the in-

terior part of the globe, and which, without

vol. x. H ceafing
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element, enter into the combination of all the

other elements. If the fun is the parent of

Nature, the heat of the earth muft be the mo-
ther ; they both unite to produce, fupport, and

animate organized beings, and to affimilate

and compofe inanimate fubftances* T his in-

ternal heat of the globe, which tends always

from the centre to the circumference, is, in

my opinion, a great agent in nature. We
can fcarcely doubt but it is the principal in-

fluence of the perpendicularity of the trunks

of trees, on the phenomena of electricity, on

the effeCts of magnetifm, &c. But as I do

not pretend to make a phyfical treatife here, I

fhall confine myfelf to the effeCts of this heat

on the other elements. It is alone fufficient

to maintain the rarefaCtion of the air to the

degree that we breathe in ; it is more than

fufficient to keep water in its ftate of fluidity,

for we have lowered the thermometers to the

depth of 120 fathoms, and have found the

temperature of the water was there nearly the

fame as at the like depth in the earth, name-

ly, ten degrees, two thirds. We muft not,

therefore, be furprized, efpecially as fait ads

as a prevention, that the fea in general does

not freeze, that frefti water freezes but to a

certain
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certain thiclcnefs, and that the water at bottom

always remains liquid, even in the moft intenfe

frofts.

Eut of all the elements the earth is that on

which this internal heat has produced the

greateft effects. This heat originally was

doubtlefs much greater than it is at prefent
;

therefore we muft refer to it, as to the firft

caufe, all the fuhlimations, precipitations, ag<-

gregations, and feparations, which have been,

and ftill continue to be made, in the internal

part of the globe, efpecially in the external layer

which we have penetrated, and the matter of

which has been removed by the convulsions of

Nature, or by the hands of man. The whole

mafs of the globe having been melted, or liqui-

fied, by fire, the internal is only a concrete or

difcrete glafs, whofe fimple fubftance cannot

receive any alteration by heat alone
;

there is,

therefore, only an upper and fuperficial layer,

which, being expofed to the aétion of external

caufes, united to that of the internal heat, will

have undergone all the modifications, differ-

ences, and forms, in one word, of Mineral Sub-

ftances, which their combined actions were

enabled to produce.

Fire, which appears to be only a compound

of heat and light, might only be a modification

H 2 of
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of the matter, though it does not effentially dif-

fer from either, and (till lefs from both taken

together. Fire never exifts without heat, but

it can exift without light. Heat alone, de-

prived of all appearance of light, can produce

the fame effects as the moft violent fire
;
fo can

alfo light, when it is united. Light feems to

carry a fubftance in itfelf which has no need of

fuel
;
but fire cannot fubfift without abforb-

ing the air, and it becomes more violent in

proportion to the quantity it abforbs; whereas

light, concentrated and received into a veffel

exhaufted of air, a£ls as fire in air ; and heat,

confined and retained in a narrow fpace, fub-

fifts and even augments with a very fmall quan-

tity of food. The moft general difference be-

tween fire, heat, and light, appears, therefore,

to confift in the quantity, and perhaps quality*

of their food.

Air is the firft food of fire
;
combuftible mat-

ters are only the fécond. It has been demon-

ftrated, by experiments, that a little fpark of

fire, placed in a vefiel well clofed, in a fliort

time abforbs a great quantity of air, and ex-

tinguifhes as foon as the quantity or quality

of this food becomes deficient. By other ex-

periments it is proved, that the moft combuf-

tible matters do not confume in veffels well

clofed.
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cîofed, although expofed to the action of the

greateft fire- Air is, therefore, the firft and true

food of fire, and combuftible matters would not

be able to fupply it without the affiftance and

mediation of this element.

We have obferved that heat is the caufe of

all fluidity, and we find, by comparing fome

fluids together, that more heat is requifite to

keep iron in fufion than gold; and more^to

keep gold than tin
;
much lefs is neceflary for

wax, for water lefs than that, and ftill lefs for

fpirits of wine, and a mere trifle is fufficient for

mercury, fince the latter goes 187 degrees be-

low what water can without lofing its fluidity
;

mercury, therefore, is the moft fluid of all mat-

ter, air excepted. Now this fuperior fluidity

in air indicates the leaft degree of adherence

pofiible between its conftituting parts, and

fuppofes them of fuch a figure as only to be

touched at one point. It may be alfo imagin-

ed, that, being endowed with fo little apparent

energy and mutual attra&ion, they are, for

that reafon, lefs maflive, and more light, than

thofe of every other body
;
but that conclufion

appears unfounded, from the comparifon of

mercury, the next fluid body, but of which the

conftituting parts appear to be more maflive

and heavy than thofe of any other matter, ex-

cepting
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cepting gold. The greater or lefler fluidity,

does not, therefore, indicate that the parts of

the fluid are more or lefs weighty, but only

that their adherence is fo much the lefs, and

their feparation fo much the eafier.

Air, therefore, of all the matters, is that

which divides the eafieft, and is very near the

nature of fire, whofe property confifts in the ex-

panfive motions of its parts
;
and it is from this

fimilarity that air fo ftrdngly augments the acti-

vity of fire, to which it is the mod: powerful

affidant, and the mod intimate and neceflary

food. Even combudible matters will not keep

it alive if deprived of air, for then the mod in-

tenfe fire will not burn
\
but a fingle fpark of air

is diffident to kindle them, and in proportion

as it is iupplied with that element the fire be-

comes ftrong, extended, and devouring.

Artificial phofphorus, and gunpowder, feem,

at fird, to be an exception, for they have no

need of the affidance of renewed air to inflame

and wholly confume them : their combudion

may be performed in the clofed veflels, but that

is hecaufe thofe matters, which are alfo the

mod combudible, contain the necedary quan-

tity in their fubdance, therefore they have no

need of the affidance of a foreign air.

This
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This feems to indicate that the moft efiential

difference between matters combuftible and

thofe which are not fo, confifts in the latter

containing only a few or none of the light,

ethereal, and oily matters fufceptible of an ex-

panfive motion, or, at leaft, if there that they

are detained, infomuch that they cannot exer-

cife their volatility whenever the force of the

fire is not ftrong enough to furmount the force

of adhefion which retains them united to the

fixed parts of matter. It may be faid that this

induction is confirmed by a number of obfer-

vations well known to chemifts
;
but what ap-

pears to be lefs fo, and which, neverthelefs, is a

neceflary confequence of it, is, that all matter

may become volatile when the expanfive force

of the fire can be rendered fuperior to the at-

tractive force which holds the parts of matter

united; for though to produce a fire fufficient-

ly ftrong it may require better conflructed mir-

rors than any at prefent made ufe of, yet wc
are cartain that fixity is only a relative quality,

and that there is no matter abfolutely fo, fince

heat dilates the moft fixed bodies. Now is

not this dilation the index of a beginning fe-

paration, that may be augmented with a degree

of heat to fufiion, and with a ftill greater to

volatilifation ?

Çombuftion
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Combuftion fuppofes fomething more than

volatilifation
;

it is not fufficient for the parts

of matter to be fufficiently feparated to be car-

ried off by thofe of heat
;
they muft alfo be

of an analogous nature to fire
;
without that,

mercury, as well as being the moft fluid next

to air, would be alfo the moft combuftible,

whereas experience demonftrates, that though

very volatile it is not combuftible. Matter, in

general is compofed of four principal fub-

ftances, called elements
,

that is, earth, water,

air, and fire. Thofe in which earth and water

predominate will be fixed, and will only be-

come volatile by the action of heat.; and thofe

which contain moft air and fire will be the

only real combuftibles. Thè great difficulty

here is clearly to evince how air and fire, both

very volatile, can fix and become conftituent

parts of all bodies.

Fire, by abforbing air, deftroys the fpring.

Now there are only two methods of deftroying

a fpring, either by compreffing it till it breaks,

or extending it till it lofes its effect. It is

plain that fire does not deftroy air by com-

preffion, fince the leaft degree of heat rarefies

it ;
nay, by a very ftrong heat the rarefaction

of the air will occupy a fpace thirteen times

more extended than that of its general volume ;
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by this means the fpring becomes weakened,

and it is in this flate that it can become fixed,

and unite with other bodies.

Light, which falls on bodies, is not nearly

reflected, but remains in quantities on the

fmall thicknefs of the furface which it ftrikes
;

confequently it lofes its motion, extends, is fix-

ed, and becomes a conftituent part of all that

penetrates it. Let us add this light, tranf-

formed and fixed in bodies, to the above air,

and to both, the confiant and actual heat of the

terrefirial globe, whofe fum is much greater

than that which comes from the fun, and then

it will appear to be not only one of the greateft

fprings of the mechaniftn of Nature, but an

element wr ith which the whole matter of the

globe is penetrated.

If we more particularly confider the nature

of combuftible matters, we fhall find, that they

all proceed originally from vegetables and ani-

mals
;

in a word, from bodies placed oh the

furface of the globe, which the fun enlightens,

heats, and vivifies. Wood, and even coals,

fat, and oil, by expreflion, wax and fuet, are

only fubftances immediately from animals and

vegetables. Turf, foffil, coal, amber, liquid,

or concrete bitumens, are the productions of

their mixture, and their decompofition, whofe

vol.x. I ulterior
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ulterior wafte forms fulphurs, and the com-
buftible parts of iron, tin, pyrites, and every

inflammable mineral. I know, that this laft

aflertion will not be admitted, but be rejected

by thofe who have ftudied Nature only by the

mode of chemiftry
;
but I mu ft requeft them to

confider, that their method is not that of Na-
ture, and that it cannot even approach it with-

out banifliing all thofe precarious principles,

thofe fictitious beings which they play upon,

without being acquainted with them.

But, without prefling longer on thofe general

confiderations, let us purfue in a more direct

and particular manner the examination of fire

and its effects. The action of fire depends

much on the manner in which it is applied
;

and the effects of its motion, on fimilar fub-

ftances, will appear different according to the

mode in which it is adminiftered. I conceive fire

fhould be confidered in three different ftates,'

fir ft, relative to its velocity
;
fecondly, as to

its volume
;
and thirdly, as to its mafs. Un-

der each of thefe points of view, this element,

fo Ample, and fo uniform to all appearance,

will appear extremely different. The velocity

of fire is augmented without the apparent

volume being increafed, every time that in a

fpace given and filled with combuftible matters,

the
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the action and expanfion of fire is prefled by-

augmenting the velocity of the air by bellows,

caverns, ventilators, afpirative tubes, &c. all

of which accelerate more or lefs the rapidity

of the air directed on the fire. The action of

fire is augmented by its volume, when a great

quantity of combuftible matters is accumulat-

ed, and the heat and fire is driven into the re-

verberatory furnaces, which comprehends thofe

of our glafs, porcelain, and pottery manufac-

tories, and all thofe wherein metals and mine-

rals are melted, iron excepted. Fire adtshere

by its volume, and has only its own velocity,

fince the rapidity is not augmented by the bel-

lows, or other inftruments which carry air to

the fire.

There are many modes of augmenting the

adtion of fire by its velocity or volume
;

but

there is but one by which we can augment its

mafs ;
namely, by uniting it in the focus of a

burning glafs. When we receive on the re-

fradting, or reflecting mirror, the rays of the

fun, or even thofe of a well-kindled fire, we
unite them in fo much the lefs fpace, as the

mirror is longer, and the focus fhorter
;

for

example, by a mirror-of four feet diameter, and

one inch focus, it is clear, that the quantity of

light, or fire, which falls on the four- feet mirror,

I 2 will
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will be united in the fpaceof ane inch, that is,

it will be 2304 times denfer than it was, if all

the incident matter arrived to this focus with-

out any lofs, and when even the lofs is two

thirds or three fourths, the mafs of fire concen-

trated in the focus of this mirror, will be al-

ways fix or feven hundred times denfer than on

the furface. In this, as in all other cafes, the

mafs goes by the contraction of the volume
;

and the fire which we thus augment the den-

iity of, has all the properties of a mafs of mat-

ter
;

for, independent of the aCtion of heat, by

which it penetrates bodies, it impels and dis-

places them as a folid moving body which (trikes

another would do.

Each of thefe modes of adminifteringfire, and

increafing either the velocity, volume, or mafs,

often produces very different effeCts on the fame

fubftances
;
infomuch, that no reliance is to be

placed on any thing that cannot be workecj

at the fame time, or fucceflively, by all three.

In the like manner, as I divide into three ge-

neral proceedings the adminiftration of this

element, I divide every matter that can be fub-

mitted to its aCtion into three daffies. Pafs-

ing over for the prefent thofe which are purely

combufiible, and which immediately proceed

from animals and vegetables
;
we proceed to

minerals^
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minerals, in the firft clafs of which we reckon

thofe mineral matters, which this action, conti-

nued for a long time, renders lighter, as iron ;

in the fécond, fuch as it renders heavier, as lead
;

and in the third clafs, are thofe matters on

which, 3s gold, this action of fire does not ap-

pear to produce any fenfible effeX, fince it does

not at all alter their weight. All exifting mat-

ters, that is, all fubfiances fi mple and com-

pounded, will neceffarily be comprized under

one of thefe three claffes
;
and experiments on

them by the above three proceedings, which

are not difficult to be made, and only require

exaXnefs and time, might devclope many ufe-

ful difcoveries,and prove very neceffary to build

on real principles the theory of chemiftry, which

has hitherto been carried on by a precarious

nomenclatura, and on words the more vague as

they are the more general.

Fire is the lighted of all bodies, notwith-

ftanding which it has weight, and it may be

demonftrated, that even in a fmall volume it is

really heavy, as it obeys, like all other matters,

the general law of gravity, and confequently

muft have connexions or affinities with other

bodies. All matters it renders more weighty

will be thofe with which it has the greateft

affinity. One of the effects of this affinity in

the
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the matters is to retain the fubftance even of

fire, with which it is incorporated, and this in-

corporation fuppofes that fire not only lofes its

heat and elafticity, but even all its motion, fince

it fixes itfelf in thefe bodies, and becomes a

conftituent part. From which it maybe ima-

gined that there is fire under a fixed and con-

crete form in almoft every body.

It is evident, that all matters, whofe weight

increafes by the action of fire, are endowed

with an attractive force fuperior to that of the

expanfion, the fiery particles of which are

animated
;

this being extinguifhed the motion

ceafes, and the elaftic and fugitive particles be-

come fixed, and take a concrete form. Thus

matters, whofe weight is increafed by fire, as

tin, lead, &c. are fubflances which, by their

affinity with fire, attract and incorporate. All

matters, on the contrary, which, like iron,

copper, &c. become lighter in proportion as

they calcine, are fubflances whofe attractive

forces, relative to the igneous particles, is lefs

than the expanfive force of fire
;

this is what

caufes fire, inftead of fixing in thefe mat-

ters, to carry off and drive away the leaft ad-

herent parts which cannot refift its impul-

fion. Thofe*, which like gold, platina, filver,

&c. neither lofe nor acquire by the application

of
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of fire, are fubftances which, having no affinity

with fire, and not being able to unite, cannot,

confequently, either retain or accompany it

when it is carried off. The matters of the two

firft claffes clearly, therefore, have a certain

degree of affinity with fire, fince thofe of the

fécond clafs are loaded with fire, which they

retain; and the fire loads itfelf with thofe .of

the firft clafs, which it carries off; whereas the

matters of the third clafs, to which it neither

lends nor borrows, have not any affinity or at-

traction with it, but are indifferent to its ac-

tion, which can neither unnaturalize nor even

change them.

This divifion of every matter into three

claffes, relative to the action of fire, does not

exclude the more particular and lefs abfolute

divifion of all matters into two other dalles,

hitherto regarded as relative to their own na-

ture, which is faid to be always verifiable, or

calcareous. Our new divifion is only a more

elevated point of view, under which we muft

confider them, to endeavour to deduce there-

from even the agent that is ufed by the rela-

tions fire can have with every fubftance to

which it is applied.

We might fay, with naturalifts, that all is

yitrifiable in Nature, excepting that which is

Calcareous :
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calcareous: that chryflals, precious ftones,gres,

granates, porphyries, agates, gypfums, argots,

lava, pumice ftone, with all metals and other

mi nerals, are verifiable either by the fire of our

furnaces or that of mirrors
;
whereas marble,

alabafter, chalk, marl, and other fubflances

which proceed from the w'afte fliells and ma-

drepores, cannot be reduced into fufion by

thefe means. Neverthelefs, I am perfuaded

that if the power of our furnaces and mirrors

were farther increafed, we fhould be enabled to

put thefe calcareous matters in fufion
;

fince

there are a multiplicity of reafons to conclude,

that at the bottom their fubftance is the fame,

and that glafs is the common bafis of all ter-

reftrial matters.

By my own experiments I have found, that

the moft powerful glafs furnaces is only a weak

fire, compared with that of bellowr
s furnaces

;

and that fiie produced in the focus of a good

mirror, is ftill Wronger. I have kept iron ore

for thirty-fix hours in the hotted part of the

glafs furnace of Rouelle, in Burgundy, 'without

its being melted, agglutinated, or even in any

manner changed
;
whereas, in iefs than twelve

hours this ore runs in a forge furnace. I have

alfo melted, * or volatilized, in a mirror many

matters which neither the fire, nor reverbera-

tory
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tory furnace, nor the mod powerful bellows

furnace could caufe to run.

It is commonly fuppofed, that flame is the

hotted part of fire, yet the contrary may be de-

mondrated by the eafied and mod familiar ex-

periments. Offer to a draw fire, or even to the

flame of a lighted fagot, a cloth to dry or heat,

and treble the time will be required to what

would be neceflary if prefented to a brader

without flame. Newton defines flame to be a

burning fmoke, and this fmoke, or vapour, has

never the fame quantity or intenfity of heat as

the combuflible body from which it efcapes.

By being carried upwards and extending, it has

the property of communicating fire, and carry-

ing it farther than the heat of the brader,

which alone might not be fufficient to com-

municate it when even very near.

Thecommunication of Are merits a particular

attention. I found, after repeated reflections,

that beddes the aflidance of facts which appear

to have a relation therewith, that experiments

were neceflary to underdand the manner in

which this operation of Nature is made. Let

us receive two or three thoufand weight of iron

in a mould at its ifluing from the furnace
;
this

metal in a fhort time lofes its incandefcence,

and ceafes from its rednefs, according to the

VOL. x. K thicknefs
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thicknefs of the ingot. If at the moment its

rednefs leaves it, it is drawn from the mold*

the under parts will be {till red, but this colour

will fly off. Now, fo long as the rednefs fub-

fifts, we can light combuftible matters by ap-

plying them to the ingot
;
but as foon as it has

loft its incandefcent ftate, there are numbers of

matters which it will not fet fire to, altho’ the

heat which it diffufes is, perhaps, a hundred

times ftronger than that of a ftraw fire, which

would inflame them. This flame being necef-

fary to the communication of firé, I am induced

to believe there is a flame in all incandefcence.

The red colour feems, in fail, to indicate it
;

and indeed I am convinced, that combuftible,

and even the moft fixed matters, fuch as gold

and filver, when in an incandefcent ftate, are

furrounded with a denfe flame which extends

only to a very fhort diftance, and which is at-

tached to their furface
;
and I can eafily con-

ceive, that when flame becomes denfe to a cer-

tain degree, it ceafes from obeying the fluc-

tuation of the air. This white or red body,

which i Tues from all bodies in incandefcence,

and which ftrikes our eyes, is the evaporation

of this denfe flame which furrounds the body by

renewing itfelf inceffantly on its furface
;
and

even the light of the fun, which emits fuch an

amazing
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amazing brightnefs, I prefume to be only an

evaporation of the denfe flate that conflantly

plays on its furface
;
and which we muft re-

gard as a true flame, more pure and denfe than

any proceeding from our combuflible mat-

ters.

It is, therefore, by light that fire communi-

cates, and heat alone cannot produce the fame

effeétas when it becomes very flrong to be lu-

minous. Even water, that deftru6live element

to fire, by which alone we can prevent its pro-

grefs, neverthelefs communicates when in a

well-clofed vefle-1, fuch as Papin’s digefler,

where it is penetrated with a fufficient quantity

of fire to render it luminous, and capable of

melting lead and tin, whereas when it is only

boiling, far from communicating fire, it extin-

guifhes it immediately. It is true, that heat

alone is fufficient to prepare and difpofe com-

buftible bodies for inflammation, by driving off

the humid parts from bodies
;
and what is very

remarkable, this heat, which dilates all bodies,

does not defifl from hardening them by drying.

I have an hundred times difcovered, by examin-

ing the flones of my great furnaces, efpeciafly

the calcareous, they increafed in hardnefs in

proportion to the time they had undergone the

beat, and they alfo at the fame time became

K 2 fpecifically
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fpecifically heavier. From this circumftance,

I think an indu&ion may be drawn, which

would prove, and fully confirm, that heat,

although in appearance always fugitive and

never (table in the bodies which it penetrates,

neverthelefs depofits in a pofitive manner

many parts which fixes there even in greater

quantities than the aqueous and other parts

which it has driven off. But what appears

very difficult to be reconciled, this fame cal-

careous (lone, which becomes fpecifically hea-

vier by the action of a moderate heat a long

time continued, becomes near a half lighter,

when fubmitted to a fire fufficient for its calci-

nation, and, at the fame time, not only lofes

all the hardnefs it had acquired by the adion

of heat, but even the natural adherence of its

conflicting parts.

Calcination generally received, is, wdth re-

fped to fixed and incombuftible bodies, what

combuflion is to volatile and inflammable.

Calcination, like combuflion, needs the affift-

ance of air
;

it operates fo much the quicker,

as it is furniflied with a greater quantity of that

element, without which the fierceft fire cannot

calcine nor inflame any thing, except fuch

matters as contain in themfelves all the air ne-

ceflary for thofe purpofes. This neceffity for

the
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the concurrence of air in calcination, as in com-

bullion, indicates, that there are more things

common between them than has been fufpedled.

The application of fire is the principal of both;

that of air is the fécond caufe, and almoft as

neceflary as the firft
;
but thefe two caufes are

equally combined, according as they a£t in more

or lefs time, and with more or lefs power on

different fubflances.

Combuftion operates almoft inflantaneoufly,

calcination is fotnetimes fo long, as to, be

thought impoflible
;

for, in proportion as mat-

ters are more incombuftible, the calcination

is there more flowly made; and when the con-

ftituent parts of a fubflance, fuch as gold, are

not only incombuftible, but appear fo fixed as

not to be volatilized, calcination produces no

effect. They mu ft both, therefore, be con-

fidered as effe£ts of the fame caufe, whofe

two extremes are delineated to us by phof-

phorous, which is the moft inflammable of

all bodies, and by gold, which is the moft

fixed and leaft combuftible. All fubflances

comprifed between thefe two extremes, will

be more or lefs fubjefled to the effects of

combuftion and calcination, according as they

approach either of them
;

infomuch, that

in the middle points there will be found

fubflances
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fubdances that endure an almoft equal degree

of both
;
from which we may conclude, that

all calcination is always accompanied with a

little combudion, and all combudion with a

little calcination. Cinders, and other refidue

of the mod combudible matters, demondrate

that fire has calcined all the parts it has not

burned, and confequently, a little calcination

is found here with combudion. The frnall

flame which rifes from mod matters, that are

calcined, demondrates alfothat a flight com-

hudion is made. Thus, we mud not feparate

thefe two effects, if we would find out the re-

faits of the action of fire on the different fub-

ftances to which it is applied.

But it may be faid, that combudion always

diminifhes the volume or mafs, by reafon of

the quantity erf matter it confumes ;
and that

calcination increafes the weight of many

fubdances. Such an objection appears well-

founded, and deferves an anfwer, efpecially as

this is the mod difficult point of the quedion.

For that purpofe let us conlidcr a matter in

which we ill all iuppofe one half to be fixed

parts, and the other volatile or combudible.

By the application of fire to this all t lie vola-

tile pc combudible parts will be raifed up or

burnt, and confequently feparated from the

whole
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whole' mafs ; from hence this mafs or quantity

of matter will be found diminiflied one half, as

we fee it in calcareous (tones, which lofe near

half their weight in the fire. But if we con-

tinue to apply the fire for a very long time to

the other half, compofed of fixed parts, all

combudion and volatilization being ceafed,that

matter, inftead of continuing to lofe its mafs,

mull: encreafe at the expence of the air and fire

with which it is penetrated
;
and thofe are mat-

ters already calcined, and prepared by Nature

to the degree w7here combudion ceafes, and

confequently fufceptible to augment the weight

from the fird moment of the application. We
have feen, that light extinguilhes on the fur-

face of all bodies which do not reflect
;
and

that heat, by long refidence, fixes partly in the

matters which it penetrates
;
we know that

air is neceffary for calcination, or combudion,

and the more fo for calcination as matters have

more fixity in the external parts of bodies, and

become a condiment part
;
hence, it is natural

to imagine, that this augmentation of weight

proceeds only from the addition of the particles

of light, heat, and air, which are at length

fixed and united to one matter, againfl which

they have made fo many efforts, without being

able either to raife or burn them. This appears

clearly
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clearly to be the fact, for if we afterwards pre-

fent a combuftible fubftance to them they will

quit the fixed matter, to which they were only

attached through force, retake their natural

motion, elafticity, and volatility, and all de-

part with it
;
from hence, metal, or calcinized

matter, to which thefe volatile parts has been

rendered, retakes its priftine form, and its

weight is found diminilhed by the whole quan-

tity of fiery and airy particles which were fixed

in it, and which had been juft raifed by this

newcombuftiom All this is performed by the

foie law of affinities
;
and there feems to be no

more difficulty to conceive how the lime of a

metal is reduced, than to underftand how it is

precipitated in diffolution
;
the caufe is the

fame, and the effects are fimilar. A metal dif-

folved by an acid, will precipitate when to this

acid another fubftance is offered with which

it has more affinity than metal, the acid then

quits it and falls to the bottom. So, likewife,

this metal calcines, that is, loaded with parts

of air, heat, and fire, which being fixed, keeps

it under the form of a lime,' and will precipi-

tate, or be reduced, when prefented to this fire

and fixed air, from the combuftible matters

with which they have more affinity than with

the metal
;

the latter will retake its firft form

as
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as foon as it is difembarraffed from this fuper-

fluous air and fire, at the expence of the com-

buftible matters offered to it, and the volatile

parts it had loft.

I think I have now demonftrated, that all the

little laws of chemical affinities, which ap-

peared fo variable and different, are no other

than the general laws of attraction, common

to all matter. That this great law, always

confiant and the fame, appeared only to vary

by its expreflion, which cannot be the fame

when the figure of bodies enters, like an ele-

ment, into their diftance. With this new key

wé can unlock the moft profound fecrets of

Nature
;
we can attain the knowledge of the

figure of the primitive parts of different fub-

ftances
;

afiign the lav/s and degrees of their

affinities; determine the forms which they

take by re-uniting, &c. I think alfo, I have

made it appear that impulfion depends on at-

traction
;
and that, although it may be con-

fidered as a different force, it is, notwithftand-

ing, a particular effect of this foie and ge^

neral one. I have confidered the communi-

cation of motion as impoffible any otherwife

than by a fpring, from whence I have con-

cluded, that all bodies in Nature are more

vol. x. L or
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or lefs elaftic, and that there is not one perfect-

ly hard; that is, entirely deprived of a fpring,

fince all are fufceptible of receiving motion. I

have endeavoured to Ihew how this foie force

may change direction, and the attraction be-

come at once repulfive
;
and from thefe oppo-

fite principles, which are all founded on ra-

tional mechanics, I have fought to reduce the

principal operations ofNature, fuch as the pro-

duction of light, heat, and fire, and their aCtion

on different fubftances
;

this lafl objeCt which

interefls us the moft in a vafl field, but of which

I can only cultivate a little fpot, yet I prefume

I may render fome afliftance, by putting into

more capable and laborious hands the inftru-

ments I made ufe of. Thefe inftruments were

the three modes of making ufé of fire, that is,

by its velocity, volume, and mafs; by applying

it concurrently to the three clafies of fub-

ftances, which either lofe, gain, or are not af-

fe&ed by the application of fire.

OF
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OF AIR, WATER, AND EARTH.

BY our former obfervations it appears that

air is the neceffary and firft food of fire, which

can neither fubfift nor propagate but by what

it affimilateSî confumes, or carries off, of that

element, whereas, of all material fubftances,

air is that which feems to exifl the moft in-

dependently of the aid or prefence of fire, for

although it habitually has nearly the fame heat

as other matters it can do without it, and re-

quires infinitely lefs than any of the reft to

fupport its fluidity, fince the moft exceflive

cold cannot deprive it of that. The ftrongeft

condenfations are not capable of breaking its

fpring; the a£live fire, in combuftible matters,

is the only agent which can alter its nature by

rarefying and extending its fpring to the point

of rendering it ineffectual, and thus deftoying

its elafticity. In this ftate, and in all the links

which precede, the air is capable of re-aflum~

ing its elafticity, in proportion as the vapours

of combuftible matters evaporate and feparatç

from it. But if the fpring has been totally

L 2 weakened
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weakened and extended, that it cannot re-inftate

itfelf, from having loft all its elaftic power, the

air of the volatile part, which was before a

fixed fubftance that incorporated with other

fubftances, would make a conftituent part of

all thofe to which it unites by contact. Under

this new form it can no longer forfake the fire,

but to unite, like fixed matter, to other fixed

matters
;
and if there remains fome parts in-

feparable from fire they then make a portion of

that element, ferve it for a bafe, and are de-

pofited with it in the fubftance they heat alid

penetrate together. This effect is manifefted

in all calcinations, and is the more fenfible as

the heat is longer
;

but combuftion demands

Only a fmall time to completely effectuate the

fame. If we wifti to haften calcination the

ufe of bellows maybe neceffary, not fo much

to augment the heat of the fire as to eftablifli

a current of air on the furface of the matters ;

yet it is not requifite for the fire to fee very

fierce to deprive air of its elafticity, for a very

moderate heat, when confiant applied on a

fmall quantity, is fufficient to deftroy the

fpring
;
and for this air, without fpring, to fix

itfelf afterwards in bodies, there is only a little

more or lefs time required, according to the

affinity it may have under this new form, with

the
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the matters to which it unites. The heat of

the body of animals or vegetables is fufficient-

ly powerful to produce this effect. The de-

grees of heat are different in different kinds

of animals : birds are the hotteft, from which

we pafs fuccefllvely to quadrupeds, man,

cetaceous, animals, reptiles, fifh, infects, and

laftiy, to vegetables, whofe heat is fo trifling as

to have made moft naturalifts declare they had

not any, although it is very apparent, and in

winter furpaffes that of the atmofphere. 1 have

obferved on a great number of trees, cut in cold

weather, that their internal part was fenfibly

warm, and that this heat remained for many
minutes. This heat is only moderate while

the tree is young and found, but as foon as it

grows old the heart heats by the fermenta-

tion of the pith, which no longer circulates

there with the fame freedom
;
and as foon as

this heat begins the centre receives a red tint,

which is the firft index of the perifhing ftate

of the tree, and the disorganization of the

wood. The reafon naturalifts have not found

there was a difference between the temperature

of the air and the heat of vegetables is, be-

caufe they have made their obfervations at a

bad time of the year, and not paid attention,

that in the fummer the heat of the air exceeds

that
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that of the internal part of a tree
;
whereas in

winter it is quite the contrary. They have

not remembered that the roots have conflantly

the degrees of heat which furrounds them, and

that this heat of the internal part of the earth

is, during all winter, confiderably greater than

that of the air, and the furface of the earth.

They did not confider that the motion alone

of the pith, already warm, is a neceflary iaufe

of heat, and that this motion, increafing by the

action of the fun, or by an external heat, that

of vegetables mud be fo much the greater as

the motion of their pith is more accelerated,

&c.

Here the air contributes to the animal and

vital heat, as we have feen that it does to the

action of fire in combuftible and calcinable

matters. Animals, which have changes, and

refpire air, have more heat than thofe deprived

of it
;
and the more the intertal furface of the

lungs is extended, and ramified in a greater

number of cells, the more it prefents greater

fuperficies to the air which the animal draws

by infpiration
;
the more alfo its blood becomes

hotter, the more it communicates heat to

all parts of the body it nourifhes, and this

proportion takes place in all known animals.

Birds, relatively to the volume of their body,

have



NATURAL HISTORY. 79

have lungs confiderably more extended than

man or quadrupeds. Reptiles, even thofe with

a voice, as frogs, inftead of lungs have a fimple

bladder. Infects which have little or no blood

pump the air only by fome pipes, &c. Thus

by taking the degree of the temperature of

the earth for the term of comparifon, I have

obferved that this heat being fuppofed ten de-

grees, that of birds was nearly thirty-three,

that of fome quadrupeds more than thirty-one

and a half, that of man thirty and a half, or

thirty-one, whereas that of frogs is only fifteen

or fixteen, and that of fifhes and infe&s only

eleven or twelve, which is nearly the fame as

that of vegetables. Thus the degree of heat

in man and animals depends on the force and

extent of the lungs
;

thefe are the bellows of

the animal machine : the only difficulty is to

conceive how they may carry the air on the

fire which animates us, a fire whofe focus

feems to be indeterminate ; a fire that has not

even been qualified with this name, becaufe it

is without flame or any apparent fmoke, and

its heat is only moderate and uniform. How-
ever, if we conftder that heat and fire are the

effe£te, and even the elements of the fame

clafs ; that heat rarefies air, and that, by ex-

tending its fpring, it may render it without

effect;
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effedl
;
we may imagine, that the air drawn

by our lungs will be greatly rarefied, lofe its

fpring in the bronchia and little veficles, where

it foon will be deftroyed by the arterial and

venous blood, for thefe blood-veflels are fepa-

rated from the pulmonary veficles by fuch thin

divifions that the air eafily pafles into the

blood, where it produces the fame effect as

upon common fire, becaufe the heat of this

blood is more than fufficient to deftroy the

elafticity of the particles of air, and to drag

them under this new form into all the roads

of circulation. The fire of the animal body

differs little from common fire, excepting the

degree of heat is lefs
;
from hence there is no

flame, becaufe the vapours, which reprefent

the fmoke, have not heat enough to inflame ;

every other effeft is the fame : the refpi ration

of a young animal abforbs as much air as the

light of a candle, for if inclofed in veflels of

equal capacities the animal dies in the fame

time as the candle extinguifhes : nothing can

more evidently demonftrate that the fire of the

animal and that of the candle are not only of

the fame clafs but of the fame nature, and to

which the affiftance of the air is equally ne-

ceffary.

Vegetables,
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Vegetables, and moft infects, indead of

lungs, have only afpiratory tubes, by which

they pump up the air that is neceflary for them ;

it pafles in very fenfible balls into the pith of

the vine. The air is not only pumped up by

the roots but often even by the leaves, and forms

a very eflential part of the food of the vegetable

which affimilates, fixes, and preferves it. Ex-

perience fully confirms all we have advanced

on this fubje£t, and that all combudible mat-

ters contain a considerable quantity of fixed air,

as do alfo all animals and vegetables, and all

their parts, and the wade which proceeds there-

from
;
and that the greated number likewife

include a certain quantity of eladic air. And,

notwithdanding the chimerical ideas of fome

chemids, refpe&ing phlogidon, there does not

remain the fmalled doubt but that fire or light

produces, with the adidance of air, all the ef-

fets thereof.

Minerals, which like fulphur and pyrites,

contain in their fubdance a quantity of the ul-

terior wade of animals and vegetables, include

from thence combuftible matters, which con-

tain more or lefs fixed air, but always much

lefs than the purely animal or vegetable fub-

dances. We can drive from them this fixed

air by combudion. In animal and vegetable

vox. x. M matters
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matters it is difengaged by fimple fermentation,

which, like combuftion, has always need of air

for its operation. Sulphurs and pyrites are not

the only Minerals which muft be looked upon

as combuftible, there are many others, which

I fhall not here enumerate, becaufe it is fuffi-

cient to remark, their degree of combuftion

depends commonly on the quantity of fulphur

which they contain. All combuftible minerals

originally derive this property either from the

mixture of animal or vegetable parts which are

incorporated with them, or from the particles

of light, heat, and air, which, by the lapfe of

time, are fixed in their internal part. Nothing,

according to my opinion, is combuftible but

that which has been formed by gentle heat,

that is, by thefe fame elements combined in all

the fubftances which the fun brightens and vi-

vifies, or in that which the internal heat of the

earth foments and unites.

The internal heat of the globe of the earth,

of which we have already treated, is always

fubfifting and confiant : it enters, like an ele-

ment, into all the combinations of the other

elements, and is more than fufficient to produce

the fame effects on air as aétual fire on animal

heat
;
confequently this internal heat of the

earth will deftroy the elafticity of the air, and

render
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render it fixed, which being divided into mi-

nute parts will enter into a great number of

fubftances, from hence they will contain par-

ticles of fixed air and fire, which are the firft

principles of combuftibility
;
but they will be

found in different quantities, according to their

degree of affinity with the fubftance, and this

degree will greatly depend on the quantity

thefe fubftances contain of animal and vegetable

parts, which appear to be the bafe of all com-

buftible matter. Moft metallic minerals, and

even metals, contain great quantities of com-

buftible parts
;

zinc, antimony, iron, copper,

&c. burn and produce a very brifk flame, as

long as the cortibuftion of thefe inflammable

parts remain, after which, if the fire is conti-

nued, the calcination begins, during which

there enters into them new parts of air and

heat, which fixes, and cannot be difengaged

but by prefentingto them combuftible matters,

with which they have a greater affinity than

with thofe of the mineral, with which they are

only united by the effort of calcination. It

feems, therefore, that the converfion of metal-

lic fubftances into drofs, and their reduction,

might be very clearly underftood without ap-

plying to fecondary princples, or arbitrary hy-

pothefes, for their explanation.

M 2 Having
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Having confidered the aCtion of fixed air in

themoft fecret operations of nature, let us take

a view of it when it refides in bodies under an

elaftic form ;
its effects are then as variable as

the degrees of its elafticity, and its a&ion, tho’

always the fame, feems to give different .pro-

ducts in different fubftances. To bring this

confideration back to a point of general view,

we will compare it with water and earth, as we

have already compared it with fire
;
the refults

of this comparifon between the four dements

will afterwards be eafily applied to every fub-

ftance, fince they are all only compofed of thefe

four real principles.

The greateft cold that is known, cannot de-

ftroy the fpring of the air, and the leaf! heat is

fufficient for that purpofe. Between the (late

of fixity, and that of perfect elafticity, there is,

however, all the links of the intermediate ftates,

in one of which it always refides in earth and

water, and all the fubftances which are com-

pofed of them
;
for example, water, which ap-

pears fo fimple a fubftance, contains a certain

quantity of air, which is neither fixed nor elaftic,

as is plain from its congelation, ebullition, and

refiftance to all compreflion, &c. Experimental

phyfic demonftrates, that water is incompref-

fible, for inftead of fhrinking and entering into

itfelf
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itfelf when prerted, it partes through the mort

folid and thickeft veflels
;
which could not be

the cafe if the air it contained was in its ftate

of full elafticity. The air contained therefore

in water, is not (imply mixed therewith, but is

united in a ftate where its fpring is not fenfibly

exercifed
;
yet the fpring is not entirely deftroy-

ed, for if we expofe water to congelation, the

air iftues from its internal part, and unites on

its furface in elaftic bubbles. This alone fuf-

fices to prove, that air is not contained in water

under its common form, lince being fpecifically

850 times lighter, it would be forced to irtue

out by the foie necefiity of the preponderance

of water
;

neither under an affixed form, but

only in a medium ftate, from whence it can

eafily re-take its fpring, and feparate more

eafily than from every other matter.

It may be objeéted that cold and heat never

operate in the fame mode, and that if one of

thefe caufes gives to air its elafticity, the other

muft deftroy it, and I own that in general it is

fo, but in this particular they produce the fame

effect. It is well known that water, frozen or

boiled, retakes the air it had loft as foon as it is

liquified or cooled. The degree of affinity of

air with water depends, therefore, on its tem-

perature, which in its liquid ftate, is nearly the

fame
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fame as that of the general heat to the furface

of the earth : the air with which it has much
affinity penetrates it as foon as it is divided into

fmall parts, yet the degree of elementary and

general heat, weakens their fpring foas to ren-

der them ineffectual as long as the water pre-

ferves this temperature
;

but if the cold pene-

trates, or this degree of heat diminiffies, then its

fpring will be re-eftablifhed by the cold, and

the elaftic bubbles will rife to the furface of the

water ready to freeze
;

if, on the contrary, the

temperature of the w ater is increafed by an ex-

ternal heat, the integrant parts become too

much divided, they are rendered volatile, and

the air with which they are united, rifes and

efcapes with them. Water and air have much
greater connections between them than oppofite

properties, and as I am wT
ell perfuaded, that all

matter is convertible, and that the elements may
be transformed, I am inclined to believe, that

water can change into air when Efficiently ra-

refied to raife up in vapours, for the fpring of

the vapour of the water is even more powerful

than the fpring of the air.

Experience has taught me that the vapours

of water can increafe the fire in the fame

manner as common air
;
and this air, which

we fhould regard as pure, is always mixed

with
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with a very great quantity of water : but it

muft be remarked, that the proportions of the

mixtures is not nearly the fame in thefe two

elements. It may be faid in general that there

is much lefs air in water than water in air.

In confidering this proportion we muft refer

to the volume and mafs. If we eftimate the

quantity of air contained in water by the vo-

lume it will appear nil, fmce the volume is not

in the lead increafed. Thus it is not to the

volume that we muft relate this proportion, it

is alone to the mafs, that is, to the real quan-

tity of matter in one and the other of thefe

ttvo elements that we muft compare that of

their mixture, by which we fhall perceive that

the air is much more aqueous than the water is

œrial, perhaps in proportion of the mafs, that

.is, eight hundred and fifty times. Be this

eftimation either too ftrong or too weak we
can derive this induction from it, that water

muft change more eafily into air than air can

transform into water. The parts of air, al-

though fufceptible of being extremely divided,

appear larger than thofe of water, fince the

latter paffes through many fibres which air

cannot penetrate
;

fince the vapours of water

are only raifed to a certain height in the air ;

and, in fhort, fince air feems to imbibe water

like
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like a fponge, to contain it in a large quantity,

and that the container is certainly greater than

the contained.

In the order of the converfion of the ele-

ments it appears, that water is to air what air

is to fire, and that all the transformations of

nature depend on them. Air, like the food of

fire, aflimilates with it, and is transformed into

this firfl element. Water, rarefied by heat,

is transformed into a kind of air capable of

feeding the fire like common air. Thus fire

has a double fund of certain lubfiftence, if it

confumes much air it can alfo produce much

by the rarefaction of water, and thus repair, in

the mafs of atmofphere, all the quantity it de-

ftroyed, while;ulteriorly it converts itfelf with

air into fixed matter in the terreftrial fubftances

which it penetrates by its heat or by its light.

And fo, likewife, as from one part water is

converted into air, or into vapours, as volatile

as air, by its rarefadion, it is converted into

a folid fubftance by a kind of condenfation.

Every fluid is rarefied by heat and condenfed by

cold. Water follows this common law, and

condenfes in proportion as it grows colder. Let

a glafs tube be filled three parts full and it will

defcend in proportion as the cold increafes, but

fome time before congelation it will afcend

above
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above the point of three fourths of the height of

the tube, and increafe (till more confiderably

by being frozen. But if the tube is well flop-

ped, and perfectly at refl, the water will con-

tinue to lower, and will not freeze, although

the degree of cold is fix, eight, or ten degrees

below the freezing point
; congelation, there-

fore, prefents, in an inverted manner, the fame

phenomena as inflammation. An heat, how-

ever great, (hut up in a well-clofed veflel, will

not produce inflammation unlefs touched with

an inflamed matter; fo,likewife, to whatfoever

degree a fluid is cooled, it will not freeze un-

lefs it touches fomething already frozen. The
particles of water, which are frozen in the ex-

ternal air, or in the air contained in the tube,

when it is (haken or unftopped, ftrikes the fur-

face of the water, and communicates their ice to

it. In inflammation the air, at firft very much

rarefied by heat, lofes its volume, and fixes it-

felf fuddenly. In congelation, water, at firft

condenfed by the cold, takes a largér volume,

and fixes itfelf likewife, for ice is a folid fub-

ftance, lighter than water, and would preferve

its folidity if the cold continued the fame
;
and

I am inclined to believe that we (hould attain

the point of fixing mercury at a lefs degree,

by fublimating it into vapours in a very cold

VOL. X. N air';
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air
;
and alfo that water, which only owes its

liquidity to heat, would become a fubftance

much more folid and fufible, as it would en-

dure a ftronger and a longer time the rigour of

the cold.

But without flopping on this idea, that is,

without admitting or excluding the poflibility of

the converfion of the ice into infufible mat-

ter, or fixed and folid earth, let us pafs on to

more extenfive views on the modes Nature

makes ufe of for the transformation of water.

The moft powerful and mod evident is the

animal filter. The body of fhell-animals, by

feeding on the particles of water, labours, at

the fame time, on the fubftance to the point

of unnaturalizing it. The fhell is certainly a

terreftrial fubftance, a true flone, from which

all the (tones called calcareous, and many other

matters, derive their origin. This fhell ap-

pears to make the conftitutive part of the ani-

mal it covers, fince it is perpetuated by gene-

ration, for it is on the fmall fhell-animal juft

come into exiftence as well as on thofe which

have arrived at their full growth
;
but this is

no lefs a terreftrial fubftance, formed by the

fecretion or exudation of the body, for it in-

creafes and thickens by rings and layers in pro-

portion as the animal grows
;
and this ftony

matter
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matter often exceeds fifty or fixty times the

mafs of the body which produces it. Let us,

for a moment, reflect on the number of the

kinds of fhell-animals, or rather of thofe ani-

mals with a ftony tranfudation
;
they, poftibly,

are more numerous in the fea than the infedt

kind are upon earth. Let us afterwards re-

prefent their full growth, their prodigious mul-

tiplication,and thefhortnefsof their lives, which

we may fuppofe does not exceed ten years
;

let

us afterwards confider that we muft multiply

by fifty or fixty the almoft immenfe number

of the individuals of this clafs to form an idea

of all the ftony matter produced in ten years
;

then that this block muft be augmented with

as many fimilar blocks as there are as many

times ten in all the ages from the beginning of

the world, and we fhall familiarize ourfelves

by this idea, that all our coral, rocks of calca-

reous ftone, marble, chalk, &c. originally pro-

ceeded alone from the caft-off coats of thofe

little animals.

Salts, bitumen, oil, and thegreafe of the fea,

enter little or none into the compofition of

the {hell
;

neither does the calcareous ftone

contain any of thofe matters
;

this ftone is,

therefore, only water transformed, joined to

fome little portion of vitrifiable earth, and a

• N 2 great
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great quantity of fixed air, which may be difen-

gaged therefrom by calcination
;
which opera-

tion produces the fame.effeâs on the fhells

taken in the fea as upon thofe drawn out of

quarries
;
they both form lime, with only a

little difference in their quality. Lime, made

with oyfter or other fhells, is weaker than that

made with hard {tone
;
but the procefs of Na-

ture is the fame, as are the refults of its opera-

tion. Shells and {tones, alike nearly lofe half

their weight by the adtion of fire in calcination
;

the water iffues firfl, after which the fixed air

is difengaged, and then the fixed water, of

which thefe {tony fubftances arecompofed, re-

takes its firft nature, is elevated into vapours,

drove off and rarefied by the fire, fo that there

remains only the moft fixed parts of this air

and water, which, perhaps, are fo ftrongly

united in themfelves, and to the fmall quantity

of the fixed earth of the {tone, that the fire

cannot feparate them
;

the mafs, therefore, is

reduced nearly an half, and would probably be

{till more if fubmitted to a ftronger fire. And
what appears to prove that this matter, driven

out of the {tone by the fire, is nothing elfe than

air and water, is the avidity with which cal-

cined {lone fucks up the water given to it, and

the force with which it draws water from the

atmofphere.
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atmofphere. Lime, by expofure either in air

or water, in a great meafure regains the mafs

it had loft by calcination
;

the water, with the

air it contains, replaces that which the ftone

contained before. Stone then retakes its firft

nature, for in mixing lime with the remains of

other ftones, a mortar is made which hardens,

and becomes a folid fubftance, like thofe from

which it is compofed.

Thus, then, we fee on the one hand all the

calcareous matters, the origin of which we
muft refer to animals

;
and on the other, all the

combuftible matters proceeding from animal

or vegetable fubftances
;
they together occupy

a great fpace on the earth
;

yet, however great

their number may be, they only form a fmall

part of the terreftrial globe, the principal

foundation of which, and the greateft quan-

tity confifts in one matter of the nature of

glafs
;
a matter we muft look upon as ter-

reftrial element, to the exclufion of all other

fubftances, to which it ferves as a bafe, like

earth, when it forms vegetables by the means,

or remains of animals, and by the transforma-

tion of the other elements
;
and it is alfo the

ulterior term to which we can return or reduce

them all.

It
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It appears that the animal filter converts

water into ftone
;
the vegetable filter can alfo

transform it, when all the circumftances are

found to be the fame. The heat of vegetables

and the organs of life being lefs powerful than

thofe of (hell animals, the vegetable cannot

produce but a fmall quantity of {tones, which

are frequently found in its fruits
;
but it can and

does convert a great quantity of air, and a {till

greater of water into its fubftance. The fixed

earth it appropriates, and which ferves as a bafe

tothefe two elements, does not make the hun-

dredth part of its mafs
;

hence, the vegetable

is almoft entirely compofed of air and water,

transformed into wood, or a folid fubftance*

which is afterwards reduced into earth by com-

buftion and putrefaction. The fame may be

faid of animals ;
they not only fix and trans-

form air and wrater, but fire, and in a much

greater quantity than vegetables. It- appears,

therefore, that the funClions of organized

bodies are the mod powerful means made life

of by Nature for the converfion of the ele-

ments. We may look on each animal, or ve-

getable, as a fmall particular centre of heat

or fire that appropriates to itfelf the air and

water which furround it, aflimilates them to

* vegetate
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vegetate or nourifh, and live on the produc-

tions of the earth, which are themfelves only

air and water precedently fixed. It alfo ap-

propriates to itfelf a fmall quantity of earth,

and receiving the imprefiions of light, the heat

of the fun and terreftrial globe, it converts into

its fubftance all thefe different elements
;
works,

combines, unites, and oppofes them, till they

have undergone the neceffary form towards its

fnpport of life, and the growth of organization,

the mold of which once given, models every

matter it admits, and from inanimate renders

it organized.

Water, which fo readily unites, and enters

with air into organized bodies, unites alfo with

fome folid matters, fuch as faits
;
and it is often

by their means that it enters into the com-

pofition of minerals. Sait at firft appears to

be only an earth foiuble in water, and of a

(harp favour, but chemifts have perfectly difco-

vered, that it principally confifts in the union

of what they term the earthy and the aqueous

principle. The experiment of the nitrous acid,

which after combuftion only leaves a fmall

quantity of earth and water, has caufed them

to think, that fait wras compofed only of thefe

two elements
;
yet I think it is eafily to be

demonftrated, that air and fire alfo enter their

compofition ;
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compofition
;
fince nitre produces a great quan-

tity of air in combuftion, and this fixed air

fuppofes fixed fire which difengages at the

fame time : befides all the explanations given

of the dilfolution cannot be fupported, and it

would be againfl all analogy, that fait fhouldr

be compofed only of thefe two elements, while

all other fubftances are compofed of four.

The experiments of Mr. Hales demonftrate,

that vitriol and marine fait contain much fixed

air ;
that nitre contains ftill much more, even

to the eighth of its weight ; and that fait of

tartar contaius ftill more than thofe. But this

does not fupport the idea that fait is the mediate

fubflance between earth and water ;
thefe two

elements enter in different proportions into

the different faits, or faline fubftances, whofe

variety and number are fo great, as not to be

enumerated ;
but which, generally prefented

under the denomination of acids and alkalis,

(hews us, that there is in general more earth

than water in the laft, and more water than

earth in the firft.

Neverthelefs, water, although intimately

mixed with faits, is neither fixed nor united

there by a fufficient force to transform into a

folid matter
;

it renders it fait or acid under its

primitive form, and the beft concentrated acid.

or
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or the moft deprived of water, which might be

looked upon as liquid earth, only owes its liqui-

dity to the quantity of the air and fire it con-

tains
;
and it is no lefs certain, that they are in-

debted for their favour to the fame principles.

An experiment, which I have frequently tried,

has fully convinced me, that alkali is produced

by fire. Lime made accordiug to the common

mode, and put upon the tongue, even before

flacked by air or water, has a favour which

indicates the prefence of a certain quantity of

alkali. If the fire is continued, this lime by

longer calcination, becomes more poignant ;

and that drawn from furnaces, where the cal-

cination has fubfifted for five or fix months to-

gether, is ftill more fo. Now this fait could

not be contained in the ftone before its calci-

nation, fince it augmented in proportion to the

ftrength and continuance of the fire
;
but it is

evident, the fire is the immediate produit of

the fire and air, which incorporate in the fub-

ftance during its calcination, and which, by this

means, are become fixed parts thereof, and

from which they have driven moft of the watry

molecules it before contained. This alone ap-

peared,to me fufficient to pronounce that fire

is the principal of the formation of the mineral

alkali
;
and we may conclude, by analogy, that

vol. x. O other
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other alkalis owe their formation to the con-

fiant heat of the animal and vegetable from

which they are drawn.

With refpeCt to acids, although the demon-

ftration of their formation by fire and fixed air,

is not fo immediate, it does not appear lefs

certain. We have proved, that nitre and phof-

phorus draw their origin from vegetable and

animal matters ; and that vitriol comes from

pyrites, fulphur and other combuftibles. It is

likewife certain that acids, whether vitriolic,

nitrous, or phofphorical, always contain a cer-

tain quantity of alkali
;
we muft, therefore,

refer their formation and favour to the fame

principle, and by reducing the varieties of both

to one of each, bring back all faits to one com-

mon origin : thofe which contain moft of the

a&ive principles of air and fire, will necefla-

rily have the moft power and tafte. I under-

ftand by power the force with which faits ap-

pear animated to diflblve other fubftances.

Diffolution fuppofes fluidity, and as it never

operates between two dry or folid matters, it

alfo fuppofes the principle of fluidity in the dif-

lolvent, that is, fire ; the power of the diflolvent

will be, therefore, fo much the greater, as on

one part it contains more of this a&ive prin-

ciple; and, on the other hand, its aqueous and
'

terrene
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terrene parts will have more affinity with thofe

of the fame kind contained in the fubftances

to diffolve ;
and, as the degrees of affinity vary,

we mull not be furprized at different faits va-

rying in their aCtion on different fubftances
;

their aâive principle is the fame, their diffolv-

ing power the fame
;
but they remain without

exercife when the fubftance prefented repels

that of the diffolvent, or has no degree of

affinity with it
;
but the contrary is the cafe

when there is fufficient force of affinity to con-'

quer that of the coherence
;

that is, when the

aCtive principles, contained in the diffolvent,

under the form of air and fire, is found more

powerfully attra&ed by the fubftance to be

diffolved, than they are by the earth and

water they contain. Newton is the firft who
has given affinities for the caufes of chemical

precipitation ; Stahl adopted and tranfmitted

this idea
;
and it appears to be at prefent

univerfally received as a truth. But neither

Newton nor Stahl faw that all thefe affini-

ties, fo different in appearance, are only parti-

cular effects of the general force of univerfal

attraction : and, in defeCt of this view, their

theory cannot be complete, becaufe they were

obliged to fuppofe as many trivial laws of dif-

O 2 ferent
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ferent affinities, as there were different pheno-

/ mena.

Salts concur in many operations of Nature

by the power they have of diffolving other fub-

ftances
;

for, altho’ it is commonly faid, that

water diffolves fait, it is eafv to be perceived,

that in reality, when there is a diffolution, both

are a£tive, and may be alike called diffolvents.

Regarding fait as only a diffolvent, the body to

be diffolved may be either liquid or folid
; and,

provided the parts of the fait be fufficiently di-

vided to touch immediately thofe of the other

fubftances, they will aâ; and produce ^11 the ef-

fets of diffolution. By this we fee how much

the a£tion of faits, and the a£tion of the element

of water which contains them, muft have in-

fluence on the compofition of mineral matters.

Nature may produce by this mode, all that our

arts produce by that of fire. Time only is re-

quired for faits and water to operate on the mod
compaft and hard fubftances, fo as to render

them capable of uniting with all analogous fub-

ftances, and to feparate from all others
;
but

this time, which to Nature is never wanting, is,

of all things, that which is the moft deficient

to us : the greateft of all our arts, therefore, is

that of abridging time, that is, to effeft that in

one day, what Nature takes an age to perform.

However
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However vain this pretenfion may appear, we

mud not entirely renounce it, for has not man

difcovered the mode of creating fire, of apply-

ing it to his ufe, and by the means of this ele-

ment to fuddenly diffolve thofe bodies by fufion

which would take up a confiderable period by

any other means?

We mu ft not, however, conclude that Na-

ture really performs by the means of water all

that we do by fife. The decompofition of

every fubftance is only to be made by divifion,

and the greater this divifion the more the de-

compofition will be complete. Fire feems to

divide as much as poffibîè thofe matters it puts

in fufion
;

neverthelefs it may be doubted

whether thofe which water and acids keep in

diffolution are not (till more divided, and the

vapours raifed by heat contain matters (till fur-

ther attenuated. In the bowels of the earth,

then, by the means of the heat it includes, and

the water which infinuates, there is made an

infinity of fublimations, di ft illations, chryftali-

zations, aggregations, and disj unftions, ofevery

kind. By time all fubftances may be com-

pounded and decompounded by thefe means
;

water may divide and attenuate the parts rpore

than fire when it melts them, and thofe atte-

nuated parts will join in the fame manner as

thofe
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thofe of fufed metal unite by cooling. Chryfta-

lization, of which the faits have given us an

idea, is never performed but when a fubftance,

being difengaged from every other, is much
divided and Eftained by a fluid, which having

little or no affinity with it, permits it to unite

and form, by virtue of its force of attraction,

mafles of a figure nearly fimilar to its primitive

parts. This operation, which fuppofes all the

above circumftances, may be done by the in-

termediate aid of fire as w^ell as by that of

water, and is often accompliffied by the con-

currence of both, becaufe all this exaCts but

one divifion of matter Efficiently great for its

primitive parts to be able to form, by uniting

figured bodies like themfelves. Now fire can

bring many fubflances to this date much better

than any other dilfolvent, as obfervation de-

monftrates to us in afbeflos, and other produc-

tions of fire, whofe figures are regular, and

which muft be looked upon as true chryftali-

zations. Yet this degree of divifion, neceffary

to chryftalization, is not the greateft poffible,

fince in this ftate the fmall parts of matter

are ftill Efficiently large to conftitute a mafs,

which, like other mafles, is only obedient to

the foie attractive force, and the volumes of

which, only touching in points, cannot acquire

the
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the refultive force that a much greater divifion

might perform by a more immediate contad,

and this is what we fee happen in effervefcences,

where at once heat and light are produced by

the mixture of two cold liquors.

Light, heat, fire, air, water, and faits, are

fteps by which we defcend from the top of

Nature’s ladder to its bafe, which is fixed

earth. And thefe are the only principles that

we muft admit and combine for the explanation

of all phenomena. Thefe principles are real,

independent of all hypothefes and all method,

as are alfo their converfion and transformation.

It is the fame with the element of earth, it can

convert itfelf by volatilizing and taking the

form of the other elements, as thofe take that

of earth in fixing
;

it, therefore, appears quite

ufelefs to feek for a fubftance of pure earth in

terreftrial matters. The tranfparent luftre of

the diamond dimmed the fight of our chemifts,

when they confidered that ftone as a pure ele-

mentary fire
;
they might have faid, with as

much foundation, that it is pure water, all the

parts of which are fixed to compofe a folid

diaphanous fubftance. When we would de-

fine Nature the large maftes fhould alone be

confidered, and thofe elements have been well

taken notice of by even the moft ancient philo-

fophers.
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fophers. The fun, atmofphere, earth, fea, &c.

are all great maffes on which they eftablifhed all

their conclufions
;
and if there ever had exifted

a planet of phlogifton, an atmofphere of alkali,

an ocean of acid, or a mountain of diamonds,

fuch might have been looked upon as the ge-

neral and real principles of all bodies, but they

are only particular fubftances, produced, like

all the reft, by the combinations of true ele-

ments
;
and ideas to the contrary would never

have been ftarted but upon the fuppofition that

the earth was neither more fimple nor lefs con-

vertible than either of the other elements.

In the great mafs of folid matter, which the

earth reprefents, the fuperfkial is the leaft pure.

All matters depofited by the fea, in form of fe-

diment, all (tones produced by {hell-animals,

all fubftances compofed by the combinations of

the wafte of the animal or vegetable kingdom,

and all thofe which have been changed by vol-

canean fires, orfublimated by the internal heat

of the globe, are mixed and transformed fub-

ftances
;
and altho’ they compofe great maffes

they do not clearly reprefent the element of

earth. They are verifiable matters, whofe

mafs is one hundred thoufand times more confi-

derable than vitreous fubftances, which ftiould

be regarded as the true bafis of this element.

It



NATURAL HISTORY. I05

It is from this common foundation all other

fubftances have derived the origin of their foli-

dity, for all fixed matter, ever fo much decom-

pofed, reduces ulteriorly into glafs by the foie

a6tion of fire : it retakes its firft nature, when

difengaged from the fluid, or volatile matters,

which were united with it
;
and this glafs, or

vitreous matter, which compofes the mafs of

our globe, fo much the better reprefents the

element of earth, as it has neither colour,

odour, tafte, liquidity, nor fluidity, qualities

which all proceed from the other elements/ or

belong to them.

If glafs is not precifely the element of earth,

it is at leaffc the mod ancient fubftance thereof ;

metals are more recent, and moft other minerals

form within our fight. This Nature produces

only in thç particular focus of its volcanos,

whereas every day fhe forms other fubftances

by the combination of glafs with the other

elements. If we would form to ourfelves a

juft idea of her formation of the globe, we
muft firft confider her procédés, which demon-

ftrate that it has been melted or liquified by

fire ;
that from this immenfe heat it fuccef-

fively pafled to its a£tual degree
;

that in the

firft moments, where its furface begins to take

confidence, inequalities muft be formed, fuch

vol» x. P as
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as we fee on the furface of melted matters

grown cold : that the higheft mountains, all

compofed of vitrifiable matters, which exift,

take their date from this moment, which is alfo

that of the great mafles of air, water, and earth ;

that afterwards, during the long fpace of time

which the diminution of the heat of the globe

to the point of a£luai temperature fuppofes,

there was made in thefe mountains, which

were the parts mofl expofed to the a&ion

of external caufes, an infinity of fufions, fubli-

mations, aggregations, and transformations,

by the fire of the fun, and all the other caufes

which this great heat rendered more a£live

than they at prefent are, and that,confequently,

we muft refer back to this date the formation

of metals and minerals which we find in great

mafles, and in thick and continued veins. The
violent fire of inflamed earth, after having

raifed up and reduced into vapours all what

was volatile, after having driven off from its

internal parts the matters which compofe the

atmofphere and fea, and at the fame time fub-

limated all the leaft fixed parts of the earth,

raifed them up, and depofited them in every

void fpace, in all the cavities which formed on

the furface in proportion as it cooled
,

this,

then* is the origin and tke gradation of the

V fituation
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fituation and formation of verifiable matters

which fire has divided, formed, and fublimated.

After this firft eftabliftiment (and which fiill

fubfifts) of vitrifiable matters and minerals

into a great mafs, which can be attributed to

the aâion of fire alone, water, which till then

formed with air only a vaft volume of vapours,

began to take its a&ual ftate
;

it colle&ed and

covered the greateft part of the furface of the

earth, on which, finding itfelf agitated by a

continual flux and reflux, by the aétion of winds

and heat, it began to a£1 on the works of fire :

it changed, by degrees, the fuperficies of vitri-

fiable matters ; it tranfported the wrecks and

depofited them in form of fediments
; it nou-

riflied (hell-animals, it colle&ed their (hells,

produced calcareous (tones, formed hills and

mountains, which afterwards drying received

in their cavities all the mineral matters they

could diflolve or contain.

To eftablilh a general theory on the for-

mation of Minerals, we mud then begin by

diftinguifhing firft, thofe which have been pro-

duced by the primitive fire of the earth while

it w^as burning with heat ; fecondly thofe

which have been formed from the wafte of the

firft by the means of water; and thirdly, thofe

which in volcanos, or other conflagrations pof-

P 2 terior
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terior ta the primitive fire, have a fécond time

undergone the proof of a violent heat. Thefe

three objects are very diftinct, and comprehend

all the mineral kingdom
;
by not lofing fight

of them, and by connecting each fubftance,

we can fcarcely be deceived in its origin, or

even in the degrees of its formation. All mi-

nerals which are found in inafies,or large veins,

in our high mountains, muft be referred to the

fublimation of primitive fire
;

all thofe which

are found in fmall ramifications, in threads

or in vegetations, have been formed only from

the wàfte of the firft, hurried away by the

{filiation of waters. We are evidently con-

vinced by comparing the matter of the iron

mines of Sweden with that of our own. Thefe

are the immediate work of water, and we fee

them formed 'before our eyes
;
they are not at-

tracted by the loadftone
;
they do not contain

any fulphur, and are found only difperfed in the

earth
;
the reft are all more or lefs fulphureous,

all attracted by the loadftone, which alone fup-

pofes that they have undergone the action of

fire
;
they are difpofed in great, hard, and folid

mafles: their fubftance is mixed with a quan-

tity of afbeftos, another index of the action

of fire. It is the fame with other metals :

their ancient foundation comes from fire, and

all
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all their gfeat maffes have been united by its

action
;

but all their chryftalizations, vegeta-

tions, granulations, &c. are due to the fecon-

dary caufes, or to water in the greateft part.

EXPERIMENTS ON THE PROGRESS OF HEAT
IN MINERAL SUBSTANCES.

I CAUSED ten bullets to be made of forg-

ed and beaten iron
;
the firft, of half-inch dia-

meter
;
the fécond, of an inch

;
and fo on pro-

greffively to five inches : and as all the bullets

were made of iron of the fame forge, their

weights were found nearly proportionable to

their volumes.

The bullet of half an inch weighed 190

grains, Paris weight
;

that of an inch, 1522

grains; that of an inch and an half, 5136
grains; that of two inches, 12 173 grains;

that of two inches and an half, 23781 grains
;

that of three inches, 41085 grains
;
that of three

inches and an half, 65254 grains
;

that of

four inches, 97388 grains
;

that of four inches

and
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and an half, 1 38 179 grains
;
and that of five

inches, 19021
1
grains.

While thefe bullets were making, the ther-

mometer expofed to the open air was at the

freezing point, or fome degrees above
;

but in

the pit where the bullets were fuffered to cool,

the thermometer was nearly ten degrees below

that point; that is to fay, to the degree of tem-

perature of the pits of the obfervatory, and it

is this degree which I have here taken for that

of the a&ual temperature of the earth. To
k now the exa£t moment of their cooling to this

aâual temperature, other bullets of the fame

matters, diameters, and not heated, were made

ufe of for comparifon, and which were felt at

the fame time as the others. By the imme-

diate touch of the hand, or two hands, on the

two bullets, we could judge of the moment

when they were equally cold ; and as the more

or lefs fmoothnefs or roughnefs on bodies makes

a great difference to the touch, (a fmooth body,

whether hot or cold, appearing much more

fo than a rough body, even of the fame matter,

although they are both equally fo) I took care

that the cold bullets were rough, and like thofe

which had been heated, whofe furfaces were

fprinklcd over with little eminences produced

by the fire.

EX-
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EXPERIMENTS.

I. The bullet of half an inch was heated

white in two minutes, cooled foas to be held in

the hand in 12, and to the a&ual temperature

in 39 minutes.

I

I

. That of an inch, heated white in five mi-

nutes and a half, cooled fo as to be held in the

hand, in 35^ minutes, and to the adtual tempe-

rature in one hour and 33 minutes.

III. That of an inch and an half, heated

white in nine minutes, cooled fo as to be

held in the hand in 58 minutes, and to

the aétual temperature in two hours and 25

minutes.

IV. That of two inches heated white in 13

minutes, cooled fo as to be held in the hand in

one hour 20 minutes, and to the aâual tem-

perature in three hours 16 minutes.

V. That bullet of two inches and an half

heated white in 16 minutes, cooled fo as to be

held in the hand in one hour 42 minutes, and

to the a&ual temperature in four hours 30
minutes.

VI. That bullet of three inches heated white

in 19! minutes, cooled fo as to be held in the

hand in two hours feven minutes, and to the
'

a&ual temperature in five hours eight minutes.

VII. That



1 1

2

buffon’s

VI I. That of three inches and an half heated

white in 23-ï- minutes, cooled fo as to be held in

the hand in two hours 36 minutes, and to the

actual temperature in five hours 56 minutes.

VIII. That of four inches heated white in

27 minutes and an half, cooled fo as to be

held in the hand in three hours two minutes,

and to the adtual temperature in fix hours 55
minutes.

IX. That of four inches and an half heated

white in 31 minutes, cooled fo as to be held in

the hand in three hours and 25 minutes, and

to the actual temperature in feven hours 46

minutes.

X. That of five inches heated white in 34
minutes, cooled fo as to be held in the hand in

three hours 52 minutes, and to the a£tual tem-

perature in eight hours 42 minutes.

The mod confiant difference that can be

taken between each of the terms which exprefs

the time of cooling, from the inftant the bullets

were drawn from the fire, to that when we can

touch them unhurt, is found to be about 24

minutes, for, by fuppofing each term to in-

creafe 24, we fhall have 12, 36, 60, 84, 108,

32, 156, 180,204, 228 minutes. And the con-

tinuation of the real times of thefe coolings

arc, 12,35^,58, 80, 102,127, 156, 182, 205,

232 minutes, which approach the firft as

nearly
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nearly as experiment can approach calcula-*

lion.

So, likewife, the moft confiant difference to

be found between each of the terms of cooling

to a£tual temperature is found to be 54 minutes,

for, by fuppofing each term to increafe 54, we
ftall have 39, 93, 147, 201, 255, 309, 363,

41 7, 471, 525 minutes
;
and the continuation

of the real time of this cooling is found, by the

preceding experiments, to be 39, 93, 1 45, 196,

248, 308, 356, 415, 466, 522 minutes, which

approaches alfo neareft to the firft.

I made the like experiments upon the fame

bullets twice or thrice, but found I could only

rely on the firft, becaufe each time the bullets

were heated they loft confiderable part of their

weight, which was occafioned not only by the

falling off of the parts of the furface reduced

into fcoria, but alfo by a kind of drying, or in-

ternal calcination, which diminifhes the weight

of the conftituent parts, infomuch that it ap-

pears a ftrong fire renders the iron fpecifically

lighter each time it is heated
;
and I have

found, by ulterior experiments, that this dimi-

nution of weight varies much, according to

the different quality of the iron. Experience

has alfo confirmed me in the opinion, that the

duration of heat, or the time taken up in cool-

vol. x. ing
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ing of iron, is not in a fmaller, as ftated in a

paflage of Newton, but in a larger ratio than

that of the diameter.

Now ifwe would enquire how long it would

require for a globe as large as the earth to cool,

we fhould find, after the preceding experi-

ments, that inftead of 50,000 years, which

Newton affigns for the earth to cool to the ac-

tual temperature, it would take 42,964 years,

221 days, to cool only to the point where it

would ceafe to burn, and 86,667 years and 132

days, to cool to the a£tual temperature.

It might only be fuppofed, that the refrige-

ration of the earth Ihould be confiderably in-

creafed, becaufe we imagine that refrigeration

is only performed by the contaft of the air, and

that there is a great difference between the

time of refrigeration in the air and in vacuo ;

and fuppofing that the earth and air cool in

the fame time in vacuo, this furplus of time

fhould be reckoned. But, in faft, this dif-

ference of time is very inconfiderable, for

though the denfity of the medium, in which

a body cools, makes fomething on the duration

of the refrigeration, this effect is much lefs

than might be imagined, fince in mercury,

which is ten thoufand times denfer than air, it

is only requifite to plunge bodies therein about

nine
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nine times as often as is required to produce

the fame refrigeration in air. The principal

caufe of refrigeration is not, therefore, the con-

tad: of the ambient medium, but the expanfive

force which animates the parts ofheat and fire,

drive them out of the bodies wherein they re-

fide, and impels them diredly from the centre

to the circumference.

By comparing the time employed in the pre-

ceding experiments to heat iron globes, with

that requifite to cool them, we find that they

may be heated till they become white in one

fixth part of the time they take to cool, fo as to

be held in the hand, and about one eighteenth

of that to cool to adual temperature, fo that

there is a great error in the estimate Newton

made on the heat communicated by the fun to

the comet of 1680, for that comet having been

expofed to the violent heat of the fun but a

ftiort time could receive it only in propor-

tion thereto, and not in fo great a degree as

that author fuppofes. Indeed, in the paffage

alluded to, he confiders the heat of red-hot

iron much lefs than in fad it is, and that he

himfelf fiâtes it to be, in a Memoir, entitled.

The Scale of Heat, publifhedin the Philofophi-

cal Tranfadions of 1701, which was many
years before the publication of his principles.

Q^2 We
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We fee in that excellent Memoir, which in-

cludes the germ of all the ideas on which ther-

mometers have fince been conftru&ed
;

that

Newton, after very exa& experiments, makes

the heat of boiling water to be three times

greater than that of the fun in the height of

fummer; that of melted tin, fix times greater;

that of melted lead, eight times
;
that of melted

regulus, twelve times
;
and that of

4

a common'

culinary fire, fixteen or feventeen times
; from

hence we may conclude, that the heat of iron,

when heated fo as to become white, is flill

much greater, fince it requires a fire conti-

nually animated by the bellows to heat it to that

degree. Newton feems to be fenfible of this,

for he fays, that the heat of iron in that flate

appears to be feven or eight times greater than

that of boiling water. This diminifhes half

the heat of this comet, compared to that of

hot iron.

But this diminution, which is only relative,

is nothing in comparifon with that real and

very great diminution which refults from our

firft confideration. For the comet to have re-

ceived this heat a thoufand times greater than

that of red-hot iron, it would require to have

remained for a very long time in the vicinity

of the fun, whereas it only pafied very rapidly
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at afmall diftance. It was on the 8th of De-

cember,' 1680, at Tô
6
ôô diftance from the earth

to the centre of the fun
;

but 24 hours before,

and as many after, it was at a diftance fix times

greater, and where the heat was confequently

36 times lefs.

To know the quantity of this heat commu-

nicated to the comet by the fun, we here find

how we fhould make this eftimation tolerably

juft, and, at the fame time, make the com-

' parifon with hot iron by the means of my ex-

periments.

We fhall fuppofe, as a fa£t, that this comet

took up 666 hours to defcend from the point

where it then was, arid which point was at an

equal diftance as the earth is from the fun,

confequently it received an equal heat to what

the earth receives from that luminary, and

which I here take for unity
;
we fhall likewife

fuppofe that the comet took 666 hours more to

afcend fr&n the loweft point of its perihelium

to this fame diftance
;
and fuppofing alfo its

motion uniform, we fhall perceive, that the

comet being at the loweft point of its perihe-

lium, that is, to ToW of the diftance from the

earth to the fun, the heat it received in that

motion was 2,700,766 times greater than that

the earth receives. By giving to this motion

a duration of 80 minutes, to wit, 40 for its

defcent,
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defcent, and 40 for its afcent, vve fhall have, at

6 diftance, 27,776 heat during 80 minutes, at

7 diftance 20,408 heat alfo during 80 minutes,

at 8 diftance 15,625 heat during 80 minutes,

and thus, fucceffively, to the diftance of a icoo,

where the heat is 1. By fumming up the

heats at each diftance we fhall find 363,410 to

be the total of the heat the comet has received

from the fun, as much in defcending as in af-

tending, which muft be multiplied by the time,

that is, by four thirds of an hour, we fhall then

have 484,547, which divided by 2,000 re-

prefents the folid heat the earth received in

this time of 1332 hours, fince the diftance is

always 1,000, and the heat always equals 1.

Thus we fhall have 242,^0 for the heat the

comet received more than the earth during the

whole time of its perihelium inftead of 28,000,

as Newton fuppofed it, becaufe he took only

the extreme point, and paid no attention to the

very fmall duration of time. And ftill this

heat muft be diminifhed 242, becaufe the

comet ran, by its acceleration, as much more

way in the farrtq time as it was nearer tlye fun.

But by neglecting this diminution, and only

admitting that the comet received an heat near-

ly 242 times greater than that of our fummeris

fun,and, consequently, 1 times greater than

that
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that of hot iron, according to Newton’s efti-

mation, or only ten times greater according to

this eftimation ;
it muft be fuppofed, that to

give a heat ten times greater than that of red

hot iron, it required ten times more time; that

is to fay, 1332 ;
confequently, we may compare

the comet to a globe of iron heated by a

forge fire for 13320 hours, to heat it to a

whitenefs.

Now we find by calculation on my experi-

ments, that with a forge fire, wæ can heat to a

whitenefs a globe whofe diameter is 228342*

inches in 799200 minutes, 4and, confequently,

the whole mafs of the comet to be heated to the

point of iron to a whitenefs, during the fhort

time it was expofed to the heat of the fun, could

only be 223342! inches in diameter
;
and even

then it muft have been ftruck on all fides,and at

the fame time, by the light of the fun. Thus

comets, when they approach the fun, do not

receive an immenfe nor a very durable heat,

as Newton fays, and as we at the firft view

might be inclined to believe. Their ftay is

fo fhort in the vicinity of the fun, that their

mafles have not time to be heated, and befides

only part of their furface is expofed thereto
;

this part is burnt by the extreme heat, which
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by calcining and volatilizing the matter of this

furface, drives it outwardly in vapours and duff,

from the oppofite fide to the fun
; and what is

called the tail of the comet, is nothing elfe than

the light of the fun rendered fenfible, as in a

dark room, by thofe atoms which the heat

lengthens as it is more violent. -

But another different and more important

confideration is, that to apply the refult of our

experiments and calculation to the comet and

earth* we muft fuppofe them compofed of mat-

ters which would demand as much time as iron

to cool : whereas, in reality, the principal mat-

ters of which the terreftrial globe is compofed*

fuch as clay, gres, ftones, &c. cannot polfibly

take fo long.

To fatisfy myfelf on this point, I caufed

globes of clay and marl to be made, and having

heated them at the fame forge until \yhite, I

found that the clay balls of two inches, cooled

in 38 minutes fo as to be held in the hand
;
thofe

of two inches and an half, in 48 minutes
;
and

thofe of three inches, in 60 minutes
5
which

being compared with the time of the refri-

geration of iron bullets of the fame diameters,

give 38 to 80 for two inches, 48 to 102 for

two inches and an half, and 60 to 127 for

three
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1

three inches
;

fo that only half the time is re-

quired for the refrigeration of clay, to what is

neceflary for iron.

I found alfo, that lumps of clay, or marl,

of two inches, refrigerated fo as to hold them

in the hand in 45 minutes
;
thofe of two inches

and an half in 58 ;
and thofe of three inches in

75, which being compared with the time of

refrigeration of iron bullets of the fame dia-

meters, gives 46 to 80 for two inches, 58 to

102 for two .inches and an half, and 75 to

127 for three inches, which nearly form the

ratio of 9 to 5 ;
fo that for the refrigeration of

clay, more than half the time is required than

for iron.

It is neceflary to obferve, that globes of clay

heated white, loft more of their weight than

iron bullets, even to the ninth or tenth part of

their weight: whereas gres heated in the fame

fire, loft fcarcely anything, although the whole

furface was covered over with feales, and re-

duced into glafs. As this appeared Angular, I

repeated the experiments feveral times, increaf-

ing the fire, and continuing it longer than for

iron ;
and although it fcarcely required a third

of the time to redden clay, to what it did to

redden iron, I kept them in the fire thrice

as long as was requifite, to fee if they would

vol, x. R lofe
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lofe more, but I found very triflingdiminutions
;

for the globe of two inches heated for eight

minutes, which weighed feven ounces, two

drachms, and thirty grains, before it was put

in the fire, loft only forty-one grains, which does

not make a hundredth part of its weight
;
and

that of three inches, which weighed twenty-

four ounces, five drachms, and thirteen grains,

having been heated by the fire for eighteen mi-

nutes, that is nearly as much as iron, loft only

feventy-eight grains, which does not make the

hundredth and eighty-firft part of its weight.

Thefe Ioffes are fo trifling, that it may be

looked upon, in general, as certain that pure

clay lofes nothing of its weight in the fire, for

thofe trifling diminutions were certainly occa-

fioned by the ferruginous parts which were

found in the clay, and were in part deftroyed

by the fire. It is alfo worthy obfervation, that

the duration of heat in different matters expofed

to the fame fire for an equal time, is always in

the fame proportion, whether the degree of heat

is greater or fmaller.

I have made fimilar experiments to the pre-

ceding on marble, ftone, lead, and tin, by a

heat only ftrong enough to melt tin, and I

found, that iron refrigerated in eighteen mi-

nutes, marble refrigerated to the fame degree

in
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in twelve minutes, ftone in eleven, lead in nine,

and tin in eight. It is not, therefore, in propor-

tion to their denfity, as is commonly fuppofed,

that bodies receive more or lefs heat, but in an

inverted ratio of their folidity
;
that is, of their

greater or lefler non fluidity
;

fo that, by the

fame heat, lefs time is requifite to heat or cool

the moft denfe fluid.

To prevent the fufpicion of vainly dwelling

upon aflertion, I think it necefiary to remark

upon what foundation I build this theory
;

I

have found that bodies which fhould heat in

ratio of their diameters, could be only thofe

which might be perfectly permeable to heat,

and as would heat or cool in the fame time
;

from hence, I concluded that fluids, whofe

parts are only held together by a flight con-

nexion, might approach nearer this perfeX

permeability than folids, whofe parts have more

cohefion. In confequence of this, I made ex-

periments, by which I found, that with the

fame heat all fluids, however denfe, heat and

cool more readily than any folids, however

light, fo that mercury, for example, heats much

more readily than wood, although it be fifteen

or fixteen times more denfe.

This made me perceive that the progrefs of

heat in bodies muff not, in any cafe, be made

R 2 relatively
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relatively to their denfity
; and I have found

by experience, that this progrefs, as well in

folids as fluids, is made rather by reafon of

their fluidity, or in an inverted ratio of their

folidity. 1 mean by folidity the quality oppo-

fite to fluidity
;
and I fay, that it is in an in-

verted ratio of this quality that the progrefs

of heat is made in mod bodies
;
and that they

heat or cool fo much the falter as, they are the

more fluid, and fo much the flower as they are

more folid, every other circumftance being

equal.

To prove that folidity, taken in this fenfe, is

perfectly independent of denfity, the moll or

lead denfe matters, heat or cool more readily

than other more or lefs denfe matters, for ex-

ample, gold or lead, which are much more dejife

than iron and copper, heat and cool much
quicker

;
while tin and marble, which are not

fo denfe, heat and cool much falter than iron

and copper
;
and there are likewifemany other

matters which come under the fame defcrip-

tion
;

fo that denfity is no ways relative to the

fcale of the progrefs of heat in folid bodies.

It is likewife the fame in fluids, for I have

obferved, that quickfilver, which is thirteen or

fourteen times more denfe than water, never-

thelefs heats and cools in lefs time than water ;

and
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and fpirlt of wine, which is lefs denfe than

water, heats and cools much quicker
;

fo that

generally the progrefs of heat in bodies, as well

for the ingrefs as egrefs, has an affinity with

their denfity, and is principally made in ratio

of their fluidity, by extending the fluidity to a

folid
;
from hence 1 concluded, that we ffiould

know the real degree of fluidity in bodies, by

heating them to the fame heat
;
for their fluidity

would be in a like ratio as that of the time

during which they would receive and lofe this

heat
;
and that it would be the fame with

folid bodies. They will be fô much the more

folid, that is to fay, fo much the more non

fluids, as they require more time to receive

and lofe tfiis heat, and that almoft generally

to what I prefume
;

for I have already tried

thefe experiments on a great number of dif-

ferent matters, and from them I made a table,

which I have endeavoured to render as complete

and exa£t as poffible.

'We caufed feveral globes to be made of

an inch diameter from the following mat-

ters, which nearly reprefent the Mineral

,
kingdom.

M. Tillet, of the Academy of Sciences,

made the globe of refined gold at my particular

requeft.
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requeft, and the whole of them weighed as

follows : ^

oz. d. gr.

Gold — — — 6 2 17

Lead — — —
3 6 28

Pure filver
,

—
3 3 22

Bifmuth — — —
- 3 0 3

Copper-red — — 2 7 5 6

Iron — — — 2 5 10

Tin — — —- 2 3 48

Antimony melted, and which had

fmall cavities on its furface 2 * 34
Fine — — — 2 1 2

Emery — — —- 1 2 24f
White marble — — 1 0 25

Pure clay — — 0 7 24
Marble common of Montbard 0 .7 20

White gypfum, improperly called

Alabafter — — 0 6 36

Calcareous white ftone of the quarry

of Anieres, near Dijon —- 6 6 6

Roek chryftal i
it was a little too

fmall, and had many defe£ts. I

prefume that without them it

would have weighed .
— o 6 22

Common glafs — — 06 21

Pure
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oz. d. gr.

Pure earth, very dry — — o 6 16

Oker — — — 059
Porcelain of the Court de Laura-

guais — — o 5 2-f'

White chalk — — o 4 49
Cherry wood, which although lighter

than mod other woods, is that

which takes in the lead fire o 1 59

I mud here obferve, that a pofitive conclu-

fion mud not be made of the exa£t fpecific

weight of each matter from the preceding

table, for notwithdanding the precaution that

was taken to render the globes equal, as I was

obliged to employ different workmen, fome

were too large, and others too fmall. Thofe

which were more than an inch diameter were

diminilhed, but thofe of rock chrydal, glafs

and porcelain, which were rather too fmall, we
differed to remain, and only rejected thofe of

agate, jafper, and porphyry, which were fen-

fibly fo. This precifion in fize was not abfo-

lutely neceffary, for it could very little alter the

refult of my experiments.

Previous to ordering thefe globes, I expofed

to a like degree of fire, a fquare mafs of iron,

and another of lead of two inches diameter, and

found, by reiterated effays, that lead heated

and



128 buffonV

and cooled in much lefs time than iron. I made

the fame experiment on red copper, and that

required more time to heat and cool than lead,

and lefs than iron. So that of thefe three mat-

ters, iron appeared the leaft acceflible to heat,

and, at the fame time, that which retained

it the longeft. From which I learn that the

law of the progrefs of heat in bodies was not

proportionable to their denfity, fince lead,

which is more denfe than iron or copper, ne-

verthelefs heats and cools in lefs time than

either. As this object appeared important, I

was induced to have thefe globes made, and to

be more perfectly fatisfied of the progrefs of

heat in a great number of different matters, I

always placed the globes at an inch diftance

from each other, before the fame fire, or in the

fame oven, 2, 3, 4> or 5, together with a globe

of tin in the midft of them. In moft of my ex-

periments 1 fuffered them to be expofed to the

fame aétive fire till the globe of tin began to

melt, and at that inftant they were all remov-

ed, and placed on a table in fmall cafes. I

fuffered them to cool without moving, often

trying whether I could touch them, and the

moment they left off burning, and I could hold

them in my hands half a fécond, I marked the

time which had pafled fince I drew them from

the
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the fife. I afterwards fuffered them to cool to

the a£tual temperature, of which I endeavoured

to judge by means of touching other fmall

globes of the fame matters that had not been

heated. Of all the matters which 1 put to the

trial, there was only fulphur which melted in a

lefs degree of heat than tin, and notwithstand-

ing its difagreeable fmell I fhould have taken

it for a term of comparifon, but being a brittle

matter which diminifhes by friélion, I pre-

ferred tin, although it required nearly double

the heat to melt.

Having heated the bullets of iron, copper,

lead, tin, gres, and Montbard marble, together

in the fame fire, and for an equal length of

time they cooled in the following order :

So as to be held in the handfor To aElual temperature,

half a fecùnd.

Min. Min,

Tin in - * - 6i In - - - - l 6

Lead in - - - 8 In - - 17

Gres in - - - 9 In - - - - 19

Common marble in 1

0

In - - - - ai

Copper in - nf. In - - - - 3°

Iron in - - *3 In - - - - 38
By a fécond experiment with a fiercer fire,

fufficient to melt the tin bullet, the five others

cooled.

VOL. x. S Set
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Se as to be held in the band. To aElual temperature.

Min. Min.

Lead in - I of In - - - 42
Gres in - I 2± In - 46
Common marble r 3f In - - - - 50
Copper - *9 2 In - ... 5 i

Iron - - - 23f In - - - - 54
By a third experiment, with a lefs degree

of fire than the preceding, the fame bullets

with a frefh tin bullet, cooled in the following

order :

So as to be held in the hand. To aElual temperature.

Min. Min.

Tin in - - -
7f In - - - - 25

Lead in 9f In - - - - 25
Gres in - IOf In - - - -

37
Common marble 12 In --- - 39
Copper - 14 In - - - - 44
Iron - - *7 In -

5°

From thefe experiments, which I made with

as much precifion as poftible, we may conclude,

firft, that the time of refrigeration of iron, fo

as to be held in the hand, is to that of copper

: : 53i : 45 > and t0 ^ point of temperature

: : 142 : 125.

2dly, That the time of refrigeration of iron,

fo as to be held in the hand, is to that of the

firft refrigeration of common marble : : 53I :

35! and their entire refrigeration : : 142 : no.
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3<ily, That the time of refrigeration of iron,

to that of gres, fo as to be held in the hand, is

: : 53t : 3 2 an<^ : : I 42 : IQ2b f°r ^eir en-

tire refrigeration.

4-thly, That the time of refrigeration of

iron to that of lead, fo as to be held in the

hand, is : : 53I : 27 and 142 : 94I for their

entire refrigeration.

In an oven hot enough to melt tin, although

all the coals and cinders were drawn out, I

placed, on a piece of iron wire, five bullets,

diftant from one another about nine lines, after

which the oven was fhut, and having drawn

them out, in about 18 minutes they cooled.

So as to be held in the hand. ‘To aïïual temperature.

Min. Min.

Melted tin in - 8 » In - - - - 24
Silver in - - 14 In - - - - 40
Gold in - - 15 In - - - - 46

Copper in 161 In - - - - 5°

Iron in 18 In - - - - 56

In the fame oven, but with a flower heat,

the fame bullets, with another bullet of tin,

cooled,

So as to be held in the hand. To aSlual temperature

.

Min. Min.

Tin in 7 In - - - - 20

Silver in - - 11 In - - - - 31

S 2 ,
Gold
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Gold in - -r I2f In - - - - 40
Copper in 14 In - - - - 43
Iron in - - i6| 1111aHH

In the fame oven, but with a ftill lefs degree

of heat, the fame bullets cooled,

So as to be held in the hand. To aElual temperature.

Min. Min.

Tin in - 6 In - - - - 17

Silver in - - 9 In - - - - 26

Gold in - 1
Oti|H In - - - - 28

Copper in - IO In - - - - 31

Iron in - I I In - - - - 35
Having placed in the fame oven five other

bullets, their refrigeration was in the follow-

ing proportions.

So as to be held in the hand

.

To aElual temperature.

Min. Min.

Antimony in H In - ... 25

Bifmuth in -
1 In - - - - 26

Lead in - 8 In - - - - 27

Zinc in ioi In - - - - 30

Emery in - - n| In - - - - 38

In the fame oven, and in the fame manner,

another bullet. of Bifmuth was placed, with fix

other bullets, which cooled,

So as to be held in the band.
lTo aflual temperature

.

Min. Min

Antimony in - 6 In - - - - 23

Bifmuth in 6 In - - - - 25

Lead
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Lead in 7f In - - - - 28

Silver in - 9\ I" - " ' -
3°

Zinc in - iof In - - - - 32

Gold in - - nf In - - - - 34
Emery in - - I 3l In - - - - 39

There was put in the fame oven a bullet of

glafs, another of tin, one of copper, and one of

iron, and they cooled,
\

So as to be held in the hand. To actual temperature.

Min. Min

Tin in 8 In - - - - 27

Glafs in 8f in - - - 22

Copper in 14 In - - - - 42

Iron in 16 In - - - - 5°

Bullets of gold, glafs, porcelain, gypfum, and

gres, were heated together, and cooled,

So as to be held in the hand. To aSlual temperature.

Min. Min.

Gypfum in - 8 In - - - - 24
Porcelain in 1 00

wh In - - - - 25

Glafs in 2 In - - - - 26

Gres in IO In - - - - 32
Gold in In - ... 45

Bullets of filver, common marble, hard

ftone, white marble, and foft calcareous (tone

of Amiens, near Dijon, were heated like the

former, and cooled,

S$
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So as to beheljiin the hand. To aEiual temperature.

Min. Min.

Soft calcareous flone in 8 In - 25

Hard ftone in IO In - - 34-

Common marble in 1

1

In - - 35
White marble in - 12 In - * 36

Silver in l 3i In - - 40

The whole of thefe experiments were made

with the utmoft care and attention, not only by

myfelf but in the prefence of feveral perfons,

who alfo endeavoured to judge of the firft de-

gree of temperature by holding the bullets for

half a fécond in their hands, and the relations

of which are more exa£t than thofe of the

a£tual temperature, becaufe that being variable

the refult mult fometimes vary alfo.

With a view to avoid that prolixity which

would neceffarily attend the continual repeti-

tion in a comparative ftatement of the refrige-

ration of thefe different bodies, we have con-

nedled them in a general table, and taking

10,000 for the ftandard of comparifon, their

differences may be feen at one view.

A TAELE
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A TABLE
OF THE

Relations of different Mineral Subfances.

IRON, with

Firft Entire

Emery
Copper
Gold
Zinc

Silver

Marble White
Marble common
Stone calcareous hard

Gres

Glafs /-
Lead r

Tin
Stone calcareous foft

Clay
Bifmuth

Chalk
Gum
Wood
Pumice-ftone

Rcfrig. Refrig.

IOOOO to 9117—9020

*

to 8512—8702

*

to 8160—8148
to 7654—6020

6804
to 7619—7423

*

to 6774—6704
to 6636—6746
to 6617—6274

-—— to 5796—6926— to 5576—5805
to 5 *43—6482
to 4898—4921
to 4194—4659
to 4198—4490
to 3580—408

1

to 3086—3878
to 2325—2817
to 1890— 1594

—-—
- to 1627 1

EMERY,
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EMERY, with

Firft Entire

Refrig. Refrig.

Copper 10000 to 8519—8148
Gold to 8513—8560
Zinc to 8390—7693

7458
Silver - ‘07778—789?
Stone calcareous hard - to 73°4—6963
Gres ‘06552—6517
Glafs to 5862 5506
Lead 105718 6643
Zinc to 5658—6000
Clay to5ï8s—5185
Bifmuth to 4949—6060
Antimony - 104540—5827
Oker to 4259 3827
Chalk to 3684 4105
Gypfum —— to 2368—2947
Wood 101552—3146

COPPER, with

Gold 10000109136—9194
Zinc ‘08571—9250

7619
Silver to 8395—7823
Marble common - to 7639—8019

Gres to 7333
—8160

Glafs . to 6667—6567
Lead - to 6

1
79—7367

Tin
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Tin
Stone calcareous tender

Clay
Bifmuth
Antimony
Oker
Chalk

Firft Entire

Refrig. Refrig.

10000 to 5746—6916
to 5168—5633
to 5652—6363
to 5686—5959

-

—

to s^ 0—

5

808—— to 5003 4697—— to 406S—4368

GOLD, with

Zinc

Silver

Marble white

Marble common
Stone calcareous hard

Gres
Glafs

Lead
Tin
Stone calcareous foft

Clay
Bifmuth
Porcelain

Antimony -

Oker
'

Chalk
Gypfum

10000 to 2474—9304
8422

to 8936—8686
to 8101—7863— t0 7342—7434
to 7383—7516

* to 7368—7627
to 7103—5232— to 6526—7500
to 6324 6051
to 6087—5811
to 3814— C077
to 5658—7043
to 5526—5593
to 5395—6348—

-

t0 5349—4462
t0 45 7 1 4452
to 2989—3293

vol. x. T ZINC,
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ZINC, with

Firft Entire

Refrig. Refrig.

Silver i oooo to 8904—8990

Marble white

IOO
I ^—’

—

t0 8305—8424

Gres
7194

to 6242—7333
5838

Lead to 6051—7947

Tin
495°

to 6777—6240

Stone calcareous foft -

5666
t0 5536 7719

4425
Clay t0 54S4—7458

J,' 4573
Bifmuth t0 5343 7547

4232
to 5246—6668Antimony

4135
Chalk t0 3729—5862

2618

Gyplum - - .
to 3409—426 X

2298

SILVER ,
witla

Marble white 10000 to 8681—9200

Marble common • to 7912—904a
Stone calcareous hard to 7436—8580
Gres - - '

:
to 7361—7767

Gials
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' Firft Entire

Refrig. Refrig.

IOOOO to 7230—7212Glafs

Lead
Tin
Stone calcareous foft

Clay
Bifmuth
Porcelain

Antimony
Oker
Chalk
Gypfum
Wood
Pumice-ftone -

to 7154—9184
to 6176—6289
to 6178—6289

« to 6034—-67 1 o
to 6308—8877
to 5556—5242
to 5692—7653
to 5000—5668
to 4310—5000
to 2879—3366
to 2253— 1864

-T to 2059—1525

WHITE MARBLE, with

Marble common
Stone hard

Gres

Lead
Tin
Stone calcareous foft

Clay
Antimony -

Oker
Gypfum
Wood

10000 to 8992—9405
to 8594-^9 1

30
to 8286—8990— to 7604—5555
.107143—6792
to 6792—7281

—

to 6400—6286
to 6286—6792
to 5400—5571
to 4920—5 1 1

6

to 2200—2857

T 2 COMMON
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COMMON MARBLE, with

Stone hard

Firft Entire

Refi ig. Refrig.

1 0000 to 9483—9665
Gres to 8767—9273
Lead -— 107671—8590
Tin * t0 7424~6ô66
Stone foft r - — to 7327—7959
Clay 107272—7213
Antimony to 6279—8333
Oker 106136—6393
Chalk - — to 5581—16333
Wood to 2500—3279

HARD CALCAREOUS STONE, with

Gres 10000 to 9268—935Ç
Glafs ^ to 8710—^8352
Lead ——108571—7931
Tin to 1095 7 93 1

Stone foft — -— to 8000—8095
Clay ~— to 6190—6897
Oker to 4762—5517
Wood —— to 2

1
95—45 1

6

GRES, with

Glafs - - iccoo to 9324—7939
Lead - - — to 8561—8950
Tin - to 7667—7633
Stone foft - 107644—7193
Porcelain - -

4
to 7364—7059

Antimony
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Firft Entire

Refrig. Refrig.

Antimony - 10000 to 7333—6170
Gypfum to 4508—5000
Wood to 2368—4828

GLASS, with

Lead - 10000 to 9318—8548
Tin — 109107—8679
Clay to 7938—7643
Porcelain * to 7692—8863
Oker to 6289—650°
Chalk - to 6104—6195
Gvpfum to 4160—6011
Wood — 102647—5514

LEAD, with

Tin 10000 to 8695—8333
Stone foft to 8437 7192
Clay - to 7878 8536
Bifmuth to 8698—8750
Antimony to 8241—8201
Oker to 6060—7073
Chalk * 105714—6111
Gypfum t0 4736— 57 1 4

TIN, with

Clay 10000 to 8823—9524
Bifmuth to 8889— 9400
Antimony to 8710—9156
Oker - '

to £5882

—

7619
Chalk
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Chaik

Firft Entire

Refrig. Refrig.

I oooo to 6394—6842
Gypfum to 4090—49

1

2

STONE CALCAREOUS SOFT, with

Antimony 10000 to 7742—9542
Chalk to 7288—7312
‘Gypfum to 4182—5211

Bifmuth

CLAY, with

10000 to 8870—9416
Oker 108400—8571
Chalk to 7701—8000
Gypfum
Wood

— 105185—8055
to 3437 4545

- BISMUTH, with

Antimony 10000 to 9349—9572
Oker to 8846—7380
Chalk —— to 8020—9500

Gypfum

PORCELAIN, with

10000 to 5301—6500

Chalk

ANTIMONY, with

10000 to 8431—7391
Gypfum - to 3833—547 6

Chalk

OKER, with

10000 to 8954—8889
Gypfum to 6364—9062
Wood to 4074—5128

CHALK,
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CHALK, With

Gypfum ioooo to 6667—7920

GYPSUM, with

Wood - - 10000 to 8coo—5260

Notwithftanding the affiduity I ufed in my
experiments, and the care I took to render the

relations exaét, I own there are ftill feme im-

perfections in the foregoing table, but the de-

fects are trivial, and do not much influence the

general refults
;

for example, we lhall eafily

perceive, that the relation of zinc to lead being

10,0000 to 6,051, that of zinc to tin ftiould be

lefs than 6,000, whereas it is found 6,777 in

the table. It is the fame with refpect of filver

to bifmuth, which ought to be lefs than 6,308,

and alfo with regard of lead to clay, which

ought to be more than 8,000, but in the table

is only 7,878. This difference proceeded

from the leaden and bifmqth bullets not being

always the fame
;
they melted, as well as thofe

of tin^nd antimony, and, therefore, could not

fail of producing variations, the greateft of <

Pumice-ftone 10000 to 7009—4560

WOOD, with

IOOOO to 8750—8182Pumice-flone

which
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which are the three 1 have juft remarked. It

was hot poffible for me to do better
;

the dif-

ferent bullets of lead, tin, bifmuth, and anti-

mony, which I fucceffively made ufe of, were

made in the fame manner, but the matter of

each might be fomewhat different, according

to the quantity of the alloy in the lead and

tin, for I had only pure tin for the two firft

bullets
;
befides, there remains very often a

fmall cavity in the melted bullet, and thefe

little caufes are fufficient to produce the little

differences which may be remarked in the

table.

On the whole, todraw from thefe experiments

all the profit that can be expeded, the matters

which compofe the objed muft be divided into

four dalles, viz. i. Metals. 2. Semi-metals

and Metallic Minerals. 3. Vitreous and Vi-

trefcible Subftances. And 4. Calcareous and

Calcinable Subftances. Afterwards the mat-

ters of each clafs muft be compared between

themfelves to difcover the caufe, or caufes, of

the order which follows the progrefs of heat in

each, and then with each other, in order to de-

duce fome general* refults.

Firft. The order of the fix metals, accord-

ing to their denfity ,
is tin, iron, copper, filver,

lead, and gold
;
whereas the order in which

» they
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they receive and lofe their heat is tin, lead, fil-

ver, gold, copper, and iron
;
fo that in tin alone

retains its place.

The progrefs and duration of heat in metals

does not then follow the order of their denfity,

except in tin, which, being the lead denfe, is

alfo that which fooneft lofes its heat
;
but the

order of the five other metals demonftrates that

it is in relation to their fufibility that all receive

and lofe heat
;
for iron is more difficult to melt

than gold, gold more than filver, filver more

than lead, and lead more than tin. Neverthe-

less, it would be advancing too much to pre-

tend that we muft attribute to all fufibility, and

nothing to denfity. Nature never deprives

herfelf of one of her properties in favour of

another in an abfolute manner
; that is to fay,

in a mode that the firft has not any influence on

the fécond. Thus, denfity may be of fome

weight in the progrefs of heat
;

but we may
fafely affirm, that in the fix metals it has very

little comparatively with fufibility.

This fa£t was neither known to chemifts nor

phy ficians
;
they did not even imagine that gold,

which is more than twice as denfe as iron,

neverthelefs lofes its heat near a third fooner.

It is the fame with lead, filver, and copper,

which are all more denfe than iron, and which,

vol. x. U like
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like gold, heat and cool more readily
;

for, al-

though the refrigeration has been queftioned,

experiments demonftrate that there is an ingrefs

of heat into bodies as well as an egrefs, and that

thofe which receive it the quickeft, are alfo

thofe which lofe it the fooneft.

Ifwe reflect on the real principles of denfity,

and the caufe of fufibility, we {hall perceive,

that denfity depends abfolutely on the quantity

of matter which Nature places in a given fpace ;

that the more fhe can make it enter therein, the

more denfity there will be, and that gold, in this

refpedt, is of alt fubftances, that which con-

tains the mod matter relatively to its volume*

It is for this reafon that it has been hitherto

thought, that more time is required to heat or

cool gold than other metals
;
and it was natu-

ral enough to fuppofe, that Containing double

or treble the matter in the fame volume, double

or treble time would be required to penetrate

it with heat
;
nay this would be true, if in

every fubftance the conftituent parts were of

the fame figure and ranged the fame. But in

the mod denfe, the molecules of matter are,

probably, of a figure fufficiently regular not to

leave very void places between them
;
in others,

which are not fo denfe, and their figures more

irregular, more vacuities are left, and in the

lighted;.
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lighteft, the molecules being few, and moft

likely of a very irregular figure, a thoufand

times more void is found than plenitude
;
for it

may be demonftrated by other experiments, that

the volume of even the moft denfe fubftance

contains more void fpace than full matter.

Now, the principal caufe of fufibility is the

facility the particles of heat find in feparating

thefe molecules of full matter from each other;

Jet the fum of the vacuities be greater or lefs,

which caufes denfity or lightnefs, it is indiffe-

rent to the feparation of the molecules which

conftitutè the plenitude
;
and the greater or lefs

fufibility depends entirely on the power of co-

herence which retains the maftive parts united,

and oppofe themfelves more or lefs to their fe-

paration. The dilatation of the total volume

is the firft degree of the action of heat
;
and in

different metals it is made in the fame order as

the fufion of the mafs, which is performed by

a greater degree of heat or fire. Tin, which

melts the moft ready, is alfo that which dilates

the quickeft; and iron, which is the moft diffi-

cult to melt, is likewife that whofe dilatation is

the floweft.

After thefe general pofitions, which appear

clear, precife, and are founded on experiments

that nothing can contradict, it might be ima-

U 2 gined
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gined that dudility would follow the order of
fufibility, becaufe the more or lefs duality
feems to depend on the greater or lefs adhefion
of the parts in each metal; neverthelefs, dudi-
lity feems to have as much connedion with the
order of denfity, as with that of their fufibi-

lity
; I fhould readily fay, it is in a ratio com-

pofed of the two others, but that would be only
byeflimation, and aprefumption which is, per-
haps, not founded

;
for it is not fo eafy to ex-

actly determine the different degrees of fufibi-

lity, as thofe of denfity
;
and as ductility parti-

cipates of both, and varies according to cir-

cumftances, we have not as yet acquired the
necefTary knowledge to pronounce affirmatively

on this fubjed, though it is molt certainly
of fufficient importance to merit particular
refearches. The fame metal when cold gives
quite different refults of what follows an ex-
periment when hot, although treated in the
fame manner. Malleability is the firft mark
of dudility

;
but that gives only one imperfed

idea of the point to which dudility may
extend

; nor can fimple lead, the moil mal-
leable metal, be drawn into fuch fine threads
as gold, or even as iron, which is the leaf!:

malleable. Befides, we mull affift the duc-
tility of metals with the addition of fire, with-

out
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out which they become brittle : even iron, al-

though the moft robuft, is brittle like the reft.

Thus the du&ility of one metal, and the ex-

tent of continuity which may fupport it, de-

pends not only on its denfity and fufibility, but

alfo on the manner and fpace in which it is

heated, and of the addition of heat or fire which

is properly given to it.

II. By comparing thofe fubftances we term

femi-metals and metallic minerals
, which want

du£tility, we fhall perceive, that the order of

their denfity is emery, zinc, antimony, andbif-

muth , and that in which they receive and lofe

heat, is antimony, bifmuth, zinc, and emery ;

and which does not in any meafure follow the

order of their denfity, but rather that of their

fufibility. Emery, which is a ferruginous mi-

neral, although as denfe again as bifmuth, re-

tains heat longer. Zinc, which is lighter than

antimony or bifmuth, retains heat longer than

either. Antimony and bifmuth, receive and

keep it nearly alike. There is, therefore, femi-

metals, and metallic minerals, which, like me-

tals, receive and lofe heat nearly in the fame

relation as that of their fufibility, and partake

very little of their denfity.

But by joining the fix metals, and the four

femi-metals, or metallic minerals, which I have

tried,
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tried, we fhall find the order of the denfities of

thefe ten mineral fubftances to be tin, emery,

zinc, antimony, iron, copper, bifmuth, filver,

lead, and gold. Andf that the order in which

thefe fubftances heat and cool, is antimony,

bifmuth, tin, lead, filver, zinc, gold, copper,

emery, and iron, in which there are two things

that do not appear to perfectly agree with the

order of fufibility.

Firft, Antimony, which, according to New-
ton, (hould heat and cool flotver than lead, fince

by his experiments it requires ten degrees of

the fame heat to fufe, while eight is fufficient

for lead; whereas by my experiments antimony

is found to heat and cool quicker than lead.

But it ftiould be obferved that Newton made

ufe of the regulus of antimony, and that I

employed only melted antimony in my expe-

riments. Now this regulus of antimony, or

native antimony, is much more difficult -to fufe

than antimony which has already undergone a

firft fufion, therefore that does not make an ex-

ception to the rule. On the whole, I do not

know what relation native antimony, or regu-

lus of antimony, may have with the other mat-

ters I have heated and cooled
;
but I prefume,

after the experiments of Newton, that it heats

and cools flower than lead.

Secondly,
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Secondly, it is pretended, that zinc fufes

more eafily than filver, confequently it fhould

be found before filver in the order indicated by

my experiments, if this order was in all cafes

relative to thàt of fufibility
;
and I own that this

femi- metal feems, at the firfl glance, to make

an exception to the law which is followed by

all the others; but it mud be obferved, that the

difference given by my experiments between

zinc and filver is very trifling. The fmall

globe of filver which I made ufe of was of the

pureft: filver, without the lead mixture of cop-

per ;
but I had my doubts whether that of zinc

was entirely fiee from fufible matters, and,

therefore, after all my experiments, I returned

the globe of zinc to M. Rouelle, a celebrated

profefibr ofchemiftry, requefting him carefully

to examine it, which having done, after fe-

veral trials he found a pretty confiderable quan-

tity of this iron, or faffron of fteel, therein.

I have, therefore, had the fatisfa£lion to fee

that not only my fuppofition was well founded,

but alfo that my experiments have been made

with fufficient precifion to evince a mixture.

Thus zinc alfo exa&ly follows the order of

fufibility, like the other metals and femi-metals,

in the progrefs of heat, and does not make any

exception to the rule. It cannot, therefore,

in
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in general be faid that the progrefs of heat in

metals, femi-metals, and metallic minerals, is

in the fame ratio, or even nearly to that of their

fufibility. '

III. The Vitrefcible and Vitreous Matters*

which I tried, being ranged according to their

denfity, are, pumice-ftone, rock-chryftal, and

gres, for 1 mud obferve, that although chryftal

is not fet down in the table of the weight of

each matter but for fix drachms 22 grains, it

muft be fuppofed one drachm heavier, becaufe

it was infenfibly too fmall
;
and it was for this

reafon that I excluded it from the general table

of relations
;
neverthelefs as the general refult

agrees with the reft, I can prefent the follow-

ing as the order in which thefe different fub-

ftances are cooled :

Pumice-ftone, oker, porcelain, clay, glafs,

chryftal, and gres, is according to that of their

denfity, for the oker is here before the porcelain

only becaufe, being a fufible matter, it dimi-

nifhed by the fri&ion it underwent in the ex-

periments, and, befides, their denfity differs fo

little that they may be looked upon as equal.

Thus the law of the progrefs of heat in

vitrefcible and vitreous matters is relative to

the order of their denfity, and has little or no re-

lation with their fufibility but by the heat re-

quired
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quired to fufe thefe fubftances being in an

almoft equal degree, and the particular degree

of their different fufibility being fo near each

other that a compound order of diftinfl terms

cannot be made
;

thus their almoft equal fufi-

bility making only one term, which is the ex-

treme of this order, we muft not be aftonifhed

that the progrefs of heat here follows the order

of denfity, and that thefe different fubftances,

which are all equally difficult to fufe, heat and

cool more or lefs quick in proportion to the

matter they contain.

It may be objected that glafs fufes more

eafilv than clay, porcelain, oker, and pumice-

ftone, which, neverthelefs, heat and cool in

lefs time than glafs
;
but the objection will fail

when we refleét, that to fufe glafs it is re-

quifite to have a very fierce fire, the heat of

which is fo remote from the degrees which

glafs receives in our experiments on refrigera-

tion, that it cannot have any influence on them.

Befides, by powdering clay, porcelain, and

pumice-ftone, and by giving them there analo-

gous fufers, as we give to fand to convert it

into glafs, it is more than probable that we

ffiould fufe all the matters in the fame degree

of fire, and that, confequentiy, we muft look

upon it as equal, or almoft equal, with their

VOL. x. X refiftance
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refiftance to fufion
;
and it is for this reafon

that the law of the progrefs of heat in thefe

„ matters is found proportionable to the order of

their denfity.

IV. Calcareous matters, ranged according

to the order of their denfity, are, chalk, foft

ftone, hard (tone, common marble, and white

marble, which is the fame as that of their den-

fity. The fufibility does not enter therein as

any thing, becaufe it immediately requires a

very great degree of fire to calcine them
;
and

although the calcination divides the parts, we

muft look upon the effect only as a firft degree

and not as a complete fufion. The whole

power of the beft burning mirrors is fcarcely

fufficient to perform it. I have found and re-

duced into a kind of glafs fome of thefe calca-

reous matters
;
and I am convinced that thefe

matters may, like all the reft, be reduced ulte-

riorly into glafs, without employing thereto

any fufing matter, and only by the force of a

fire fuperior to that of our furnaces, confe-

quentlÿ the common term of their fufibility is

ftill more remote, and more extreme, than that

of vitreous matters, and it is for this reafon

that they alfo follow more exâétly the order of

denfity in the progrefs of heat.

White
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White gypfum, improperly called alabafter,

is a matter which calcines like all other plafters

by a more moderate heat than that which is ne-

ceifary for the calcination of calcareous mat-

ters, ànd it follows the order of denfity in the

progrefs of heat which it receives or lofes, for

although much more denfe than chalk, and

a little fo than white calcareous (tone, it heats

and cools more readily than either of thofc

matters. This demonftrates that the more or

lefs eafy calcination and fufion produces the

fame effe&s relatively to the progrefs' of heat.

Gypfous matters do not require fo much ffre to

calcine as calcareous, and it is for this reafon

that, although more denfe, they heat and cool

much quicker.

Thus it may be concluded, that, in general,

the progrefs of heat in all Mineral Suhjlances is

always nearly in a ratio ofgreater or lefsfacility

to calciney or melt: but when their calcination,

or their fufion, are equally difficulty and that they

require a degree of extreme heat
y then the pro-

grefs of extreme heat is made according to the order

of their denfity.

I have depofited in the Royal Cabinet, the

globes of gold, filver, and of all the other

metallic and mineral fubftances which ferved

for the preceding experiments, that if the truth

X 2 of
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of their refults, and the general confequences

which I have deduced, are doubted, there may

be an opportunity of rendering them more

authentic.

OBSERVATIONS ON THE NATURE OF PLATlNA.

WE have already obferved, that of all the

Mineral Subdances we fubjedled to trial, thofe

were not the moft denfe which required the

longed time to receive and lofe heat. Iron and

emery, which are the mod difficult matters to

fufe, are, at the fame time, thofe that heat and

cool the dowed. There is nothing except

Platina that is acceffible to heat, and which

retains it longer than iron. This mineral,

(which has not long been publicly mentioned)

appears, however, to be more difficult to fufe ;

the fire of the bed furnaces is not fierce enough

to produce that effeâ, nor even to agglutinate

the fmall grains, which are all angular, hard,

and fimilar in form to the thick fcale of iron,

but of a yellowifh colour; and although we can

fufe them without any addition, and reduce

them
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them into a mafs by a mirror, platina feems to

require more heat than the ore and fcales of iron,

which we eafily fufe in our forge furnaces.

In other refpeds, the denfity of platina being

much greater than that of iron, the two quan-

tities of denfity and non-fufibility unite here to

render this matter the leaft acceffible to the

progrefs of heat. I prefume, therefore, that

platina would have been at the head of my table

if I had put it to the experiment
;
but I was

not able to procure a globe of it of an inch dia-

meter, it being only found in grains ;
and that

which is in the mafs is not pure, it being ne-

ceffary, in order to fufe it, to mix it with other

matters, which alters its nature. The Comte

de Billarderie d’Angivilliers, who often at-

tended my experiments, led me to examine

this rare metallic fubftance, not yet fufficiently

known. Chemifts who have employed their

time on platina, have looked upon it as a new,

perfed, proper, and particular metal, different

from all the reft : they have aflerted, that its

fpecific weight was nearly equal to that of gold ;

but that it effentially differed in other refpeds

from gold, having neither dudility nor fufjbi-

lity. I own I am of a quite contrary opinion ;

becaufe a matter which has neither dudility

nor fufibility, cannot rank in the number

of
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of metals, whofe effential and common pro-

perties are to be duftile and fufible. Neither,

after a very careful examination, did platina

appear to me a new metal different from every

other, but -rather an alloy of iron and gold

formed by Nature, in which the quantity of

gold predominated over the iron, and 1 found-

ed this opinion on the following faffs :

Of 8 ounces 35 grains of platina, furnifhed

me by Comte d’Angivilliers, which I prefented

to a ftrong loadftone, there remained only 1

ounce, 1 dram, and ^8 grains, all the reft was

taken away by the loadftone; therefore, nearly

fix-fevenths of the whole was attra&ed by the

loadftone, which is fo confiderable a quantity,

that it is impoflible to fuppofe that iron is not

contained in the intimate fubftance of platina,

but that it is even there in a very great quan-

tity. I am convinced it contains, much more,

for if I had not been weary of thefe experi-

ments, which took me up feveral days, I fhould

have attracted a great part of the remainder

of the 8 ounces by my loadftone, for to the

laft it continued to draw fome grains one by

one, and fometimes two. There is, therefore,

much iron in platina, and it is not (imply

mixed therewith as a foreign matter, but inti-

mately united and making part of its fubftance ;

or,
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or, if this is denied, it muft be fuppofed, that

there exifts a fécond matter in Nature which

is attraCtable like iron by the loadftone.

All the platina l have had an opportunity to

examine, has appeared to be mixed with two

different matters, the one black, and very at-

tractable by the loadftone
;

the other in larger

grains, of a pale yellow, and much lefs mag-

netic than the firft. Between thefe two mat-

ters, which are the two extremes, are found all

the intermediate links, whether with refpe&to

magnetifm, colour, or fize of the grains.

The mofi: magnetic, which are at the fame

time the blacked: and fmalleft, reduce ealily

into powder by a very flight friCtion, and leave

on white paper the fame marks as lead. Seven

leaves of paper which' were fucceflively made

ufe of to expofe the platina to the aCtion of

the loadftone, were blackened over the whole

extent occupied by it
;
the lad: left lefs than the

firft, in proportion as the grains, which remain-

ed were lefs black and magnetic
;

the larged:

grains, which are yellow, and leafl: magnetic,

inftead of crumbling into powder like the

fmall black grains, are very hard, and refift all

trituration
; neverthelefs, they are fufceptible

of extenfion in an agate mortar, under the

reiterated ftrokes of a peftle of the fame mat-

ter,
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ter, and I flattened and extended many grains

to the double or treble extent of their furface r

this part of platina has, therefore, a certain de-

gree of malleability and dudlility, whereas the

black part appears to be neither malleable nor

dudtile. The intermediate grains participate

of the qualities of the two extremes : they are

brittle and hard, they break or extend under

the ftrokes of a pertle, and afford a little powder

not fo black as the firfl.

Having collected this black powder and the

mort magnetic grains that the loadftone had the

firfl attracted, I difcovered that the whole was

iron, but in adifferent flatefrom common iron.

The latter reduced into powder and filings

contrats moiflure, and rufls very readily
;
in

proportion as the rufl increafes, it becomes lefs

magnetic, and abfolutely lofes this magnetical

quality when entirely and intimately rufled ;

whereas this iron powder, or ferruginous fand

found in the platina, is inacceflible to rufl, how

long foever it be expofed to the air and humi-

dity ;
it is alfo more infufible and much lefs

diffoluble than common iron; but is, neverthe-

lefs, an iron which appears to differ only from

common iron by a greater purity! This fand

is, in fa£t, iron diverted of all the combuftible

matter and terrene parts found in common iron,

and
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and even in fteel. It appears endowed and co-

vered with a vitreous varnifh which defends it

from all alteration. What is very remarkable,

this pure iron fand does not exclufively belong

to the platina ore
;

for I have found it, altho*

always in fmall quantities, in many parts where

the iron ore has been dug which confumed in

my forges. As I fubmitted to feveral trials all

the ores I had, before I ufed them in my ex-

periments, I was furprifed to find in fome of

them, which were in grains, particles of iron,

fomewhat rounded and finning, like the filings

of iron, and perfectly refembling the ferrugi-

nous fand of the platina; they were all as mag-

netic, all as little fufible, and all as difficult

of folution. Such was the refult of the com-

parifon I made on the fand of platina, and of

the fand found in both my iron ores, at the

depth of three feet, in earths where water eafily.

penetrated. I was puzzled to conceive from

whence thefe particles of iron could proceed,

how they had been defended againft ruft for

the ages they were expofed to the humidity of

the earth, and how this very magnetical iron

might have been produced in veins of mines,

which had not the fmalleft degree of that qua-

lity. .1 called experience to my aid to pro-

cure fatisfa&ion on thefe points. I was well

vol. x. Y convinced
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convinced that none of our iron ores in grain

were tradable by the loadftone, and well

perfuaded that all iron ores, which are mag-

netical, have acquired that property only by

the a&ion of fire : that the mines of the north,

which are fo magnetical as to be fought after

by the compafs, muft owe their origin to fire,

and are formed by the means, or the inter-

medium of water
;
from which I was induced

to fuppofe that this ferruginous and magnetic

fand, that I found in a fmall quantity in my
iron mines, muft owe its origin to fire, and

having examined the place I was confirmed in

this idea. This magnetical fand is found in a

wood, wrhere, from time immemorial, they have

made, and ftill continue to make, coal furnaces.

It is likewife more than probable that there

were formerly confiderable fires here. .Coal

and burnt wood produce iron drofs, which in-

cludes the moft fixed parts of the iron that ve-

getables contain
;

it is this fixed iron which

forms the fand here fpoken of, when the drofs

is decompofed by th,e adlion of the air, fun, and

rain, for then thefe pure iron particles, W'hich

are not fubjedt to ruft, nor to any other kind of

alteration, fuffer themfelves to be carried away

by the water, and penetrate with it fome feet

deep into the earth. What I here advance'

may
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may be verified by grinding the drofs well

burnt, and there will be found a fmall quantity

of this pure iron, which, having refilled the

aflion of the fire, equally refills that of the

folvents, and does not rufl at all.

Being fatisfied on this head, and having Ef-

ficiently compared the fand and drofs taken

from the iron ores with that of the platina, not

to doubt of their identity, it was not long before

I was led to conclude, confidering the fpecific

gravity of platina, that if this pure iron fynd,

(proceeding from the decompofition of drofs)

inftead of being in an iron mine, was found

near to a gold one, it might, by uniting with

that metal, form an alloy which would be ab-

folutely of the fame nature as platina. Gold

and iron have a great affinity
;
and it is well-

known that mofl iron mines contain a fmall

quantity of gold
;

it is alfo known how to give

to gold the tint, colour, and even the brittle-

nefs of iron, by fufing them together. This

iron-coloured gold is ufed on different golden

jewels to vary the colours
;
and this gold mix-

ed with iron is more or lefs grey, and more

or lefs tempered, according to the quantity of

iron which enters the mixture. I have feen it

of a tint abfolutely like the colour of platina ;

and having enquired of a goldfmith the propor-

Y 2 tion
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tion of gold and iron therein, he informed me,

that in a piece of 24 carats there were no more

than 18 gold, confequently a fourth part was

iron, which is nearly the proportion found in

the natural platina, if we judge of it by the

fpecific weight
;
and this gold made with iron is

harder and fpecifically lefs weighty than pure

gold. All thefe agreements and common qua-

lities wT ith platina, have perfuaded me, that this

pretended metal is, in fa£r, only an alloy of

gold and iron, and not a particular fubftapce,

a pew and perfed: metal different from every

other, as chemifts have advanced.

It is well known that alloy makes all metals

brittle, and that when there is a penetration,

that is, an augmentation in the fpecific gravity,

the alloy is fo much the more tempered as the

penetration is the greater, and the mixture be-

comes the more intimate, as is perceived in the

alloy called bell-?netal
y
although it be compofed

of two very ductile metals. Now nothing is

more tempered, nor heavier, than platina, which

alone ought to make us conclude that it is only

an alloy made by Nature, a mixture of iron

and gold, owing in part its fpecific gravity to

this laft, and, perhaps, alfo, in a great part, to

the penetration of the two matters of which it

is compofed.

As
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As this matter, heated alone and without

any addition, is very difficult to reduce into a

mafs, as by the fire of a burning mirror we can

obtain only very fmall maffes, and as the hydro-

ftatical experiments made on fmall volumes

are fo defeétive, that we cannot conclude any

thing therefrom, it appears to me that the che-

mifts have been deceived in their eftimation

of the fpecific gravity of this mineral. I put

fome powder of gold in a little quill, which I

weighed very exaâly : I put in the fame quill

an equal volume of platina, and it weighed

nearly a tenth lefs
;

but this gold powder was

much too fine in comparifon of the platina.

M. Tillet, who, befides a profound knowledge

of metals, poffeffed the talent of making expe-

riments with the greateft precifion, repeated,

at my requeft, this upon the fpecific weight of

platina, compared to pure gold
; for this pur-

pofe, he, like me, made ufe of a quill, and cut

gold of 24 carats, reduced as much as poffiblc

to the fize of the grains of platina, and he

found, by eight experiments, that the weight

of platina differed from that of pure gold very

near a fifteenth
;
but we both obferved that the

grains of gold had much (harper angles than

the platina : all the angles of the latter were

blunt, and even foft, whereas the grains of this

gold
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gold had fharp and cutting angles, fo that they

could not adjuft themfelves, nor heap one on

the other as eafily as thofe of platina. The
gold powder I had before made ufe of was

fuch as is found in river fand, whofe grains

adjuft themfelves much better one againft the

other, and I found about a tenth difference be-

tween the fpecific weight of thofe and platina
;

neverthelefs, thofe are not pure gold, more than

two or three carats being often wanting, which

muft diminifh the fpecific weight in the fame

relation. Thus we have thought we might

maintain, from the refult of my experiments,

that platina in grains, and fuch as Nature pro-

duces it, is, at leaft, an eleventh, or twelfth,

lighter than gold. There is every appearance

that the error, on the denfity of platina, pro-

ceeded from its not having been weighed in its

natural ftate, but only after it had been re-

duced into a mafs; and as this fufion cannot be

made but by the addition of other matters, and

a very fierce fire, it is no longer pure platina,

but acompofition in which fufing matters are

entered, and from which fire has taken the

lighted parts.

Platina, therefore, inftead ofbeing ofan almoft

equal denfity to that of pure gold, as has been

afterted, is only a denfity between that of gold

» and
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and iron, and only nearer this firft metal than

the laft. For fuppofing that the cube foot of

gold weighed 13261b. and that of iron 280, that

of platina in grains will be found to weigh

about 11941b. which fuppofes more than | of

gold to ! of iron in this alloy, if there is no

penetration
;
but as we extract y by the load-

(tone, it might be thought, that there is more

than I iron therein
;

efpecially as by conti-

nuing this experiment, I am perfuaded, we
fhould be able, with a ftrong loadftone to bring

away all the platina even to the laft grain.

Neverthelefs, we muft not conclude that iron

is contained therein in fo great a quantity
;

foft*

when it is mixed by the fufion with gold, the

mafs which refults from this alloy is attraCtable

by the loadftone, although the iron is in no

great quantity therein. M. Baume had a piece

of this alloy weighing 66 grains, in which was

only entered 6 grains, that is, ~T of iron, and

this button was eafily taken up by the load-

ftone. Hence the platina might poflibly con-

tain only — iron, or gold, and yet be at-

tracted entirely by the loadftone
;
and this per-

fectly agrees with the fpecific weight which is

Tv lefs than gold.

But what makes me prefume, that platina

contains more than *~T of iron, or of gold.

is
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is, that the alloy from this proportion is ftill of

the gold colour, and much yellower than the

higheft coloured platina, and that | iron, orf

gold is requifite for the alloy to be precifely

of the natural colour of platina. I am, there-

fore, greatly inclined to think that there might

poffibly be this quantity of | iron in platina.

We were allured by many experiments, that

the fand of this pure iron which contained

platina, is heavier than the filings of common
iron. Thus, this caufe, added to the effeft

of penetration, is fufficient for the reafon of

this great quantity of iron contained under the

fmall volume indicated by the fpecific .weight

of platina.

On the w7hole, it is very pofilble that 1 am
deceived in fome of the confequences which I

have drawn from my obfervations on this

metallic fubftance ; I have not been able

to make fo profound an examination as I

could wilh
;
what I fay is only what I have

cbferved, and may perhaps ferve for better in-

Ipedtions.

Chance led me to tell my ideas to Comte de

Milly, who declared himfelf nearly of my opi-

nion. I gave him the preceding remarks to

infpedt, and two days after he favoured me
with
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With the following obfervations, and which he

has permitted me to publifh.

“ I weighed exactly thirty- fix grains of plà-

tina; I laid them on a fheet of white paper that

I might obferve them the better with a loup»

I perceived three different fubftances
;

the firft

had the metallic luftre, and was the moft abun-

dant
;
the fécond, drawing a little on the black*

pretty well refembled a ferruginous metallic

matter, which could undergo aconfiderable de-

gree of fire, fuch as the fcoria of iron, vulgarly

called Ynacheferi the third lefs abundant than

the two firft, i. e. fand, where the yellow, or

topaz, colour, is the moft predominant. Each

grain of fand, confidered feparate, offered to the

fight regular ehryftals of different colours. I

remarked fome in an hexagon form, terminat-

ing in pyramids like rock chryftal
;
and this

fand feems to be no other than a detritus of

chryftal, or quartz of different colours.

“ I refolved on feparating, as exaCtly as pof-

fible, thefe different fubftances by means of the

loadftone, and to put afide the parts moft at-

tractable by the loadftone, from thefe which

were lefs, and both from thofe which were net

foat all
;
then to examine each fubftance par-

ticularly, and to fubmit them to different che**

mical and mechanical heats.

VOL.Xi Z u
I fepa-
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“ I fcparated theje parts of the platina which

were brifkly attracted at the diftance of two or

three lines
;
that is to fay, without the contad

of the loadftone
;
and for this experiment I

made ufe of a good faditious magnet
;

1 after-

wards touched the metal with this magnet, and

carried off all that would yield to the magnetical

force. Being fcarcely any longer attradable,

I weighed what remained, and which I (hall

call No. 4, weighed twenty-four grains
;
No. i,

which was the mod fenfible to thq magnet,

weighed four grains; No. 2 weighed the fame;

and No. 3 five grains.

“ No. i. examined by the loup, prefented

only a mixture of metallic parts, a white fand

bordering on the greyifh, flat and round, or

black vitriform fand, refembling pounded fco-

ria, in which very rufty parts are perceptible :

in fliort, fuch as the fcoria of iron prefents

after having been expofed to moifture.

“ No. 2 prefented nearly the fame, except-

ing that the metallic parts predominated, and

that there were very few rufty particles.

“ No. 3 was the fame, but the metallic parts

were more voluminous; they refembled melted

metal which had been thrown into water to be

granulated
;
they were flat, and of all forts of

figures, rounded on the corners.

No. 4,
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“ No. 4, which had not been carried off by

the magnet (but fome parts of which {till af-

forded marks of fenfibility to magnetifm, when

the magnet was moved under the paper where

they were in), was a mixture of fand, metallic

parts, and real fcoria, friable between the fin-

gers, and which blackened in the fame manner

as common fcoria. The fand feemed to be

compofed of fmall rock, topaz, and cornelian

chryftals. I broke fome on a fteel, and the

powder was like varnifh reduced into powder
;

I did the fame to the fcoria
;

it broke with the

greateft facility, and prefented a black powder

which blackened the paper like the common.
“ The metallic parts of this lafl (No. 4) ap-

peared more ductile under the. hammer than

thofe of No. 1, which made me imagine they

contained lefs iron than the firft : from whence

it follows, that platina may poffibly be no more

than a mixture of iron and gfcld made by Na-

ture, or perhaps by the hands ofmen.

“ I endeavoured to examine, by every poffible

means, the nature of platina: to allure myfelf of
' the prefence of iron ofplatina by chemicalmeans,

I tookNo. 1, which was very attractable by the

magnet, and No 4, which was not
;

I fprinkled

them with fuming lpirit of nitre
;

I immedi-

Z 2 ately
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ately obferved it with the microfcope, but per-?

ceived no effervefcence: I added diftilled water

thereon, and it {till made no motion, but the

metallic parts acquired new brilliancy, like hi-

ver : I let this mixture reft for five or fix mi-

nutes, and having ftill added water, I threw

fome drops of alkaline liquor faturated with the

colouring matter of Pruftian blue, and a very

fine Pruftian blue was afforded me on the firft.

“ No. 4, treated in the fame manner, gave

the fame refult. There are two things very

fingular to remark in thefe experiments
;

firft,

That it paffes current among çhemifts who

have treated on the platina, that aquafortis, or

fpirit of nitre, has no adlion on it. Yet, as I

have juft obferved, it diffolves it fufficientlv,

though without effervefcence, to afford Pruftian

blue, when we add the alkaline liquor phlogif-

ticated and faturated with the colouring mat-

ter, which, as is known, precipitates iron into

Pruftian blue.

“ Platina, which is not fenfible to the mag-

net, does not contain lefs iron, fince fpirits of

nitre diffolves it enough and without effervef-

cence to make Pruftian blue. From whence it

follows, that this fubftance which the modern

chemifts, perhaps too greedy of the marvellous,

and
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and willing to give fomething novel, have con-

fidered as a ninth metal, may poffibly be only a

mixture of gold and iron.

“ Without doubt there {fill requires many

experiments to determine how this mixture has

taken place, if it is the work of Nature or the

effefls of fome volcano, or fimply the produce

of the Spaniards labours in the New World to

acquire gold in the mines of Peru.

“'Ifwe rub platina on white linen it blackens

it like common fcoria, which made me fufpedf

that it is the parts of iron reduced into fcoria

found in this platina which gives it this colour,

and which feem, in this flate, only to have

tried the a£iion of a violent fire. Befides,

having a fécond time examined platina with

my loup, I perceived therein different globules

of running mercury, which made me fuppofe

that platina might be the produce of the hands

of man, in the following manner:—Platina, as

I have been told, is taken out of the oldeft

mines in Peru, which the Spaniards explored

after the conqueft of the New World. In

thofe dark times only two methods were known

of extracting gold from the fands which con-:

tained it
;

firft, by an amelgama with mercury ;

fecondly, by drying it. The golden fand was

rubbed with quickfilver* and when that was

j
udge4
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judged to be loaded with the greateft part of the

gold, the fand was thrown away, which was

named crajje
,
as ufelefs and of no value.

“ This method was made with very little

judgment
;
to extract it they began by exciting

auriferous metals by means of fulphur, which

has no adion on gold, the fpecific weight being

greater than that of other metals
;

but to faci-

litate its precipitation iron was added, which

loaded itfelf with the fuperabundant fulphur,

and this method is ftill followed. The force

of fire' vitrifies one part of the iron, the other

combines itfelf with a fmall portion of thegold,

or even filver, which mixes with the fcoria,

from whence it cannot be drawn but by ftrong

fufions, and beinp well inftruded in the fuitable

intermediums which are made ufe of. Che-

miftry, which is now arrived to great perfec-

tion, affords, in fad, means to extrad the

greateft part of this gold and filver : but at the

time when the Spaniards explored the mines of

Peru, they were, doubtlefs, ignorant of the art

of mining with the greateft profit
;

befides,

they had fuch great riches at their difpofal that

they, probably, negleded the means which

would have coft them trouble, care, and time ;

therefore there is much reafon to conclude that

they contented themfelves with a firft fufion,

and
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and threw away the fcoria as ufelefs, as well as

the fand which had efcaped the quickfilver, and

perhaps they made a mere heap of thefe two

mixtures, which they regarded as of no value*

“ Their fcoria contained gold and much

iron under different dates, and that in different

proportions unknown to us, but which, per-

haps, are thofe that gave origin to the platina*

The globules of quickfilver, which I hayeob-

ferved, and thofe of gold, which I have diftinét-

ly feen, with the adidance of a good loup,

in the platina I had in my hands, have given

birth to the ideas which 1 have written on the

origin of this mineral; but I only give them as

hazardous conjectures. To acquire fome cer-

tainty we mud be precifely where the platina

mines are fituated, and examine if they have

been anciently explored, whether it is extracted

from a new. foil, or if the mines are only rub-

bifh, and to what depth they are found
;
and,

ladly, if they have any appearance of being

placed by the hands of man there or not, which

alone can verify or dedroy the conjectures I

have advanced/*

Thefe obfervations of Comte de Milly con-

firm mine in almod every point. Nature is the

fame, and prefents herfelf always the fame to

thofe who know how to obferve her : thus we

mud
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mu ft not be furprized that, without any com-
munication, we obferved the fame things, and

deduced the fame confequence therefrom
;
that

platina is not a new metal, different from every

other, but a mixture of iron and gold. To re-

concile his obfervations ftill more with mine,

and to enlighten, at the fame time, the doubts

which remain on the origin and formation of

platina, I have thought it neceffary to add the

following remarks :

1. The Comte de Milly diftinguifhes three

kinds of matters in platina, namely, two metal-

lic, and the third non-metallic, of a chryftal-

line form and fubftance. He obferved, as well

as me, that one of the metallic matters is very

attractable by the magnet* and the other but

little, or not at all. I mentioned thefe two mat-

ters as well as him, but I did not fpeak of the

third, which is not metallic, becaufe there was

none, or very little, in the platina on which I

have made my obfervations. There is an ap-

pearance that the platina which the Comte

made ufe of W'as not fo pure as mine, which I

obferved with the greateff care, and in which I

faw only fome fmall tranfparent globules, like

white melted glafs, which were united to the

particles of platina, or ferruginous fand, and

which were carried any where by the magnet.

Thefe.
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Thefe tranfparent globules were very few, and

in eight ounces of platina, which we narrowly

infpedfted with a very ftrong loup, we never

perceived regular chryftals. It rather appeared

to me that all the tranfparent particles were glo-

bulous, like melted glafs, and all attached to

metallic parts; neverthelefs, as I did not in the

leaft doubt of the veracity of Comte de Milly’s

obfervation, who obferved chryftalline particles

of a regular form, and in a great number, in

his platina, I thought I ought not to confine

myfelf folely to the examination of that platina

of which I have fpoken
;
and finding fome in

-the king’s cabinet, M. Daubenton and I exa-

mined it together : this appeared to be much
lefs pure than that we had before made our

experiments on ;
and in it we remarked a

great number of fmall prifmatic and tranfparent

chryftals, fome of a ruby colour, others of a

topaz, and others perfe&ly white, which con-

vinced us of the correétnefs of the Comte

de Milly in his obfervations
;
but this only

proves that there are fome mines of platina

much more pure than others, and that in thofe

which are the moft fo none of thefe foreign bo-

dies are found. M. Daubenton alfo remark-

ed fome grains flat at bottom and rough at top,

like melted metal cooled on a plain, and I

vol. x. A a very
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very diftinâdy faw one of thefe hemifpherical

grains, which might indicate that platina is a

matter that has been melted by the fire ; but it

is very fingular, that in this matter, if melted

by fire, fmalj chryftals, topaz, and rubies, are

found; and I do not know whether we ought

not to fufpedt fraud in thofe who fupplied this

platina, who, to increafe the quantity, mixed it

with thefe chryftalline fands, for I never met

with thefe chryftals but in one half pound of

platina, given me by the Comte de Angivilliers.

2. I, as well as Comte de Milly, found gold

fand in platina
;

it is readily difcovered by its co-

lour, and becaufe it is not magnetical
;

but I

own that I never perceived the globules ofmer-

cury which he ftates to have done
;
but I do

not mean from thence to deny their exiftence,

only that it appears to me that the fand of gold

meeting with the globules of mercury, in the

fame matter, they might be foon amalgamated,

and nbt retain the colour of gold, which I have

remarked in all the gold fand that I could find

in half a pound of platina ;
befides, the tranf-

parent globules, which I have juft fpoken of,

refemble greatly the globules of live and fhin~

ing mercury, infomuch that at the firft glance

it is eafy to be deceived therein.

3. There
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3. There were by no means fo many tar-

nilhed and rufty parts in my firft platina as in

that of Comte de Milly’s, nor was it properly a

ruft which covered the furface of thofe ferru-

ginous particles, but a black fubftance produc-

ed by fire, and perfectly fimilar to that which

covers the furface of burnt iron. But my fé-

cond platina, that which I had from the royal

cabinet, had a mixture of fome ferruginous

parts, which under the hammer were reduced

into a yellow powder, and had all the characters

of ruft. Therefore this platina of the royal ca-

binet, and that of Comte de Milly, refembling

in every refpeCt, it is probable that they pro-

ceeded from the fame part, and by the fame

road. I even fufpeCt that both had been fo-

phifticated and mixed above half with foreign

chryftalline and ferruginous rufty matters,

which are not met with in the natural platina.

4. The production of Prufiian blue by pla-

tina, appears evidently to prove the prefence of

iron in thofe parts of this mineral, which are

the lead attraCtable by the magnet, and at the

fame time confirms what I have advanced on

the intimate mixture of iron in its fubftance.

The flowing of platina by fpirits of nitre, alfo

proves that, although it has no fenfible effervef-

cence, this acid attraCisthe platina in an evident

A a 2 manner;
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manner; and the authors, who have aflerted the

contrary, have followed their common track,

which confifts on looking on all adlions as null

which do not produce an effervefcence. Thefe

fécond experiments of the Comte de Milly,

would appear very important, if they fucceed-

ed always alike*

5. We mull however admit that, in fa£t,

many effential matters are wanting to pro-

nounce affirmatively on the origin of platina.

We know nothing of the natural hiftory of this

mineral, and we cannot too greatly exhort thofe

who are inclined to examine it on the fpot,

tq make known their obfervations
;
and until

that is done we muft confine ourfelves to con-

je£tures, fome of which appear only more pro-

bable than others. For example, I do not

imagine platina to be the work of man. The
Mexicans and Peruvians knew how to force

and work gold before the arrival of the Spa-

niards, and they were not acquainted with iron,

which neverthelefs they muft have employed in

a great quantity. The Spaniards themfelves

did not eftablifli furnaces to fufe iron in this

country, when they firft inhabited it. There

is, therefore, every reafon to conclude, that

they did not make life of the filings of iron

for the feparation of gold, at leaft in the be-

ginning
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ginning of their labours, which does not go

above two centuries and a halfback ; a time

much too fhort for fo plentiful a production as

platina, which is found in large quantities in

many places.

Befides, when gold is mixed with iron, by

fufing them together, we may always, by che-

miflry, feparate them, and extract the gold :

whereas, hitherto chemifts have not been able

to make this feparation in platina, nor deter-

mine the quantity of gold contained in this

mineral. This feems to prove, that gold is

united therewith in a more intimate manner

than the common alloy, and that iron is alfo

therein, in different flate from that of common
iron. Platina, therefore, appears to me to be

the production of nature, and, I am greatly in-

clined to think, that it owes its firft origin to

the fire of Volcanos. Burnt iron, intimately

united with gold by fublimation, or fufion,

may have produced this mineral, which having

been at firft formed by the action of the fierceft

fire, will afterwards have felt the impreffions

of water, and the reiterated friCiions, which

have given it the form of blunt angles. But

water alone might have produced the plàtina ;

for fuppofing gold and iron divided as much as

pofiible by the humid mode, their molecules,

by
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by uniting, will have formed the grains which

compofe it, and which from the heavieft to the

lighteft contain gold and iron
;
the proportion

of the chemift who offers to render nearly as

much gold as they fhall furniffi him with pla-

tina, feems to indicate, that there, in fa61
, is

only T~ of iron to TV of gold IR this mineral,

or poffibly lèfs. But the nearly of this chemift

is probably a fifth, or a fourth, and, indeed,

if he could realize his promife to a fourth, it

would be doing a great deal, and no vain

boaft.

Being at Dijon the fummer of 1773, the

Academy of Sciences and Belles Lettres ex-

prelfed a defire of hearing my obfervations on

platina
;
and having complied, M. de Morteau

took the refolution of making fome experi-

ments on this Mineral
;

for which purpofe I

gave him a portion of that I had attra&ed by

the loadftone, and alfo fome which I had found

infenfible to magnetifm, reqtiefting him to ex-

pofe it to the ftrongeft fire he could poffibly

make. Some time after, he fent me the fol-

lowing experiments which he was pleafed to

fubjoin to mine.

“ Monfieur the Comte de Buffon, in ajoura

ney to Dijon, the fummer of 1773, having

caufed me to remark in half a dram of platina,

which
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which M. de Baume had fent him in 1768,

grains in form of buttons, others flatter, and

fome black and fcaly
;
and having feparated by

the loadftone thofe which were attraflable

from thofe which appeared not fo, I tried to

form Pruflian blue with both. I fprinkled the

fuming nitrous acid on the non-attraâable

parts, which weighed 2| grains. Six hours

after I put dfftilled water on the acid, and

fprinkled alkaline liquor, faturated with a co-

louring matter
;
however there was not a Angle

atom of blue, the platina had only a little more

brightnefs. ' I alike fprinkled the fuming acid

on the remaining platina, part of which was

attraftable, the fame Pruflian alkali precipi-

tated a blue feculency, which covered the bot-

tom of a pretty large bafon. The platina, after

this operation, fhewedlike the firft. I wafhed

and dried it, and found it had not loft | of a

grain, or T%T part
;
having examined it in this

ftate I perceived a grain of beautiful yellow,

which was pure gold.

“ M. de Fourcy had newly publifhed, that

the diffolution of gold was thrown down in a

blue precipitate by the Pruflian alkali, and had

placed this circumftance in a table of affinity
;

I was tempted to repeat this experiment, and

fprinkled.
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fprinkled, in confequence thereof, the phlogif-

ticated alkaline liquor in the diflolution of

gold, but the colour of this difTolution did not

change; which made me fufpeét that the diflb-

lution of gold, made ufe of by M. de Fourcy,

might poffibly have not been fo pure.

“ At the fame time the Comte de Buffon

having given me a fufficient quantity of platina

to make further allays, I undertook to feparate

it from all foreign bodies by a good font
;
and

I have here fubjoined the procédés and refults

which I met with.

EXPERIMENTS.

16
I. Having put a drachm of platina, in a

cupel, into a furnace, I kept up the fire two

hours, when the covers funk down, the fup-

porters having run, neverthelefs the platina was

only agglutinated
;

it ftuck to the cupel, and

had left fpots of a rufty colour. The platina

was then tarnilhed even a little black, and had

only augmented a grain of weight
;

a quantity

very weak in comparifon with that which other

ehemifts have obferved. What furprifed me
ftill more was, that this drachm of platina, as

well as all that I ufed for other experiments,,

had been fuccefllvely carried away by the load-

(lone,
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ftone, and made a portion of y of eight ounces,

of which the Comte de Euffon has before

fpoken.

iC [I. Haifa drachm of the fame platina, ex-

pofed to the fame fire in a cupel, was alfo ag-

glutinated; it adhered to the cupel, on which it

had left fpots of a rufty colour
;
the augmenta-

tion of weight was found to be nearly in the

fame proportion, and the furface as black.

“ III. I put this half drachm into a new

cupel, but inftead of the cover I placed over it a

leaden crucible. This I kept in the moft ex-

treme heat for four hours : when it was cooled

I found the crucible foldered to the fupport,

and having broken it I perceived that nothing

had penetrated into the internal part of the

crucible, which appeared to be only more

gloffy than before. The cupel had preferved

its form and pofition, it was a little cracked/

but not enough to admit of any penetration
;

the platina was alfo not adherent to it, though

agglutinated, but in a much more intimate

manner than in the firft experiments ; the

grains were lefs angular, the colour more clear,

and the brilliancy more metallic. But what

was moft remarkable during the operation,

there iffued from its furface, probably in the

firft moments of its refrigeration, three drops

VOL. x. B b of
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of water, one of which, that arofe perfectly

Jpherical, was carried up on a fmall pedicle of

the vitreous and tranfparent matter. It was of

an uniform colour, with a flight tint of red,

which did not deprive it of any tranfparency $

the fmalleft of the other two drops had likewife

a pedicle, and the other none, but was only at-

tached to the platina by its external furface.”

“ IV. I endeavoured to afiay the platina,

and for that intent put a drachm of the grains

taken up by the loadftone into a cupel, with

two drachms of lead. After having kept up

a very ftrong fire for two hours I found an ad-

herent button, covered with a yellowifh and

fpungeous cruft of two drachms twelve grains

weight, which announces that the platina had

retained one drachm twelve grains of lead. I

put this button into another cupel in the fame

furnace, obferving to turn it, by which it only

loft twelve grains in two hours ; its colour and

form were very little changed. The fame

piece of platina was put into Macquer’s fur-

nace, and a fire kept up for three hours, when

I was obliged to take it out, becaufe the bricks

began to run. The platina was become more

metallic, but it, neverthelefs, adhered to the

cupel, and this time it loft 34 grains. I threw

it into the fuming nitrous acid to aflay it, and

the*e
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there arifing a'little effervefcence, I added dif-

tilled water thereon. The platina loft two

grains, and I remarked fome fmall holes, like

thofe which its flying off might occafion.

“ There then remained only 22 grains of

lead in the platina. I began to form a hope of

vitrifying this remaining portion of lead, for

which purpofe I put the fame piece of platina

into a new cupel, and by the care I took for

the admiffion of air, and other precautions, the

activity of the fire was fo greatly augmented

that it required a fupply every eleven minutes
;

to this degree of heat we kept it for four hours,

and then permitted it to cool.

“ I perceived the next morning that thé

leaden crucible had refilled, and that the fup-

porters were only glazed by the cinders. I

found a piece in the cupel, noway adherent, of

an uniform colour, approaching more the colour

of tin than any other metal, but only a little

ragged. It weighed exaélly one drachm. All,

therefore, announced that this platina had en-

dured a perfect fufion, and that it was perfectly

pure, for if we fuppofe it ftill contained lead,

we muft then admit that it had loft exactly as

much of its own fubflance as it had gained of

foreign matter; and fuch a precifion cannot be

the effedl of pure chance.

B b 2 u I pàffèd
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“ I pafTed feveral days with M. Buffon,

whofe company has the fame charms as his

ftyle, and whofe converfation is as complete as

his books: I took a pleafure in prefenting him
with the production ofmy affays

; we examined

them together, and obferved, Firft, that the

drachm of platina, agglutinated by thefe ex-

periments, was not attractable by the load-

ftone
;

that, neverthelefs, the magnetical bar

had an adtion on the grains that were loofened

from it. /

“ 2. The half drachm of the third experi-

ment was not only atfraCtable in the mafs, but

the grains of gold feparated therefrom, did not

themfelves give any fign of magnetifm.

“ 3* The platina of the fourth experiment

was abfolutely infenfible to the loadttone.

“ 4. The fpecific weight of this piece was de-

termined bv a good hydroftatical balance, and
for the greater certainty, compared to coined,

and to other very pure gold, ufed by M. Buffon

in his experiments, their denfity was found,

with water, in which they were plunged,

Pure gold - 19 V4

Coin gold - i y
î

Platina - 14 f
“ 5* This piece of platina was put upon

fleet to try its dudtibility
;
it fupported the ham-

mer
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mer very well for a few ftrokes
;

its ftirface

became flat and even, a little fmooth in the parts

which were (truck, but it fplit foon after, and

nearly a fixth part feparated. The fradture

prefented many cavities, fome of which had the

whitenefs and brilliancy of filver, and in others

we remarked feveral points like chryftaliza-

tion
;
the tops of thefe points examined with

the loup, was a globule abfolutely fimilar to

that of the third experiment. All the other

parts of this piece of platina were compact, the

grain finer and clofer than the bed; brafs, which

it refembled in colour. We offered feveral of

thefe pieces to the loadftone, but not one was

attracted thereby. We powdered them again

in an agate mortar, and then remarked that the

magnetical bar raifed up fome of the fmalleft

every time they were placed under it.

“ This new appearance of magnetifm was

fomuch the more furprifing, as the grains were

detached from the agglutinated mafs of the fé-

cond experiment, which feemed to have loft all

fenfibility at the approach and contadt of the

loadftone. In confequonce we again took fome

of thefe grains, which were alike powdered, and

foon perceived the fmalleft parts fenfibly at-

tach themfelves to the magnetic bar. It is im-

poffible to attribute this effedt to the fmooth-

nefs
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nefs of the bar, or to any other caufe foreign ta

magnetifm. A piece of fmooth iron, applied

in the fame manner on the parts of thisplatina,

did not raife up a fingle grain.

“ By thefe experiments, and the obferva-

tions which have arifen therefrom, we mayjudge
of the difficulty of determining the nature of

platina. It is very certain that it contains fome

parts which are verifiable even without the ad-

dition of a fierce fire
;

it is alfo certain that all

platina contains iron and attractable parts; but

if the Pruffian alkali never affords blue but with

the grains which the loadftone attracts, we
fhould conclude, that thofe which refill it are

pure platina, which of itfelf has no magnetical

virtue, and of which iron does not make an ef-

fential part. We mull fuppofe that a fuffi-

eient fufion, or perfect cupellation might decide

this queftion ;
at lead, thefe operations appear

to have, in fact, deprived it of every magnetic

virtue, by feparating it from all foreign bo-

dies
;
but the lafl obfervation proves, in an in-

controvertible manner, that this magnetic pro-

perty was, in reality, only weakened, and per-

haps mafked or buried, fince it re-appeared

when it was ground.”

From thefe experiments of M. de Morteau

there refults* I. That we may expect platina

to
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to be melted without addition, by applying the

fire to it feveral times fucceffively, becaufe the

bed crucibles might not refill the action of fo

fierce a fire during the whole time as the com-

plete operation would require.

2. That by melting it with lead, and allay-

ing them feveral times, we fhould in the end vi-

trify all the lead and the platina
;
and that this

experiment would be able to purge it from a

part of the foreign matters it contains.

3. That by melting it without any addition,

it feems to purge itfelf partly into the vitrefcible

matters it includes, fince it emits to its furface

fmall drops of glafs which form pretty confi-

derable mattes, and that we can eafily feparate

them after refrigeration.

4. That by making experiments on Prufnan

blue with the grains of platina, which appeared

to be mod infenfible to the loadllone, we were

not always certain of obtaining it, a circum-

flance which never fails with grains that have

more or lefs fenfibility to magnetifm.

5. It appears that neither fufion nor cupelIa-T
v

tion can deftroy all the iron with which platina

is intimately penetrated
;

the pieces melted or

attayed, appeared, in reality, equally as fenfible

to the action of the loadllone
;

but, having

pounded them in a mortar, we found magnetieal

parts
y
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parts ;
fo much the more abundant as the pla-

tina was reduced into a finer powder. The firft

piece, whofe grains were only agglutinated,

being ground, rendered many more magnetical

parts than the fécond and third, the grains of

which had undergone a fironger fufion
;

but,

neverthelefs, being both ground, they furnifhed

magnetical parts
;
infomuch that it cannot be

doubted that there is iron in platina, after it

has undergone the fierceft efforts of fire, and the

devouring actions of the heat in the cupel.

This demonftrates, that this mineral is really

an intimate mixture of gold and iron, which

hitherto art has not been able to feparate.

6. We made another obfervation with M.
Morteau on melted, and afterwards on ground

platina
;
namely, that it takes in grinding pre-

cifely the fame form as it had before it had been

melted; all the grains of this melted and ground

platina are fimilar to thofe of the natural, as

well in form, as variety of fize
;
and they ap-

pear to differ only becaufe the fmalleft alone

fuffer themfelves to be raifed by the loadftone,

and in fo much the lefs quantity as the platina

has endured the fire. This feems alfo to prove,

that, although the fire has been firong enough

not only to burn and vitrify, but even to drive

off a part of the iron with other vitrefcible

matter
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matter which it contains
;
the fufion, neverthe-

lefs, is not fo complete as that of other perfect

metals, fince, in grinding, it retakes the fame

figure as it had before fufion.

EXPERIMENTS ON LIGHT
, AND ON

THE HEAT IT MATPRODUCE.

IN VENTION of mirrors to burn at great
DISTANCES.

THE ftory of the burning glafles of Archi-

medes is famous
;
he is faid to have invented

them for the defence of his country
; and ac-

cording to the ancients, he reflected the fire of

the fun with fuch force on the enemy ’s fleet,

as to reduce them into allies on their approach-

ing the ramparts of Syracufe. But this ftory,

of which no doubt was made for fifteen or

fixteen centuries, has been contradicted and

treated as fabulous in thefe latter ages. Def-

cartes, in amafterly manner, has attacked this

talent attributed to Archimedes he has denied

the poflibility of the invention, and his opinion

vol. x. C c - has-
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has prevailed over the teftimonies and credit of

the ancients. Modern phyficians; either thro*

a refpeft for their philofopher, or thro’ com-

plaifance for their cotemporaries, ha^e given

in to the fame opinion. Nothing is allowed

to the ancients but what cannot be avoided.

Determined, perhaps, by thefe motives, of

\vhic!rfelf-love too often is the abettor, have

we not naturally too much inclination to refufe

what is due to our predeceflors ? and if, in our

time, more is refufed than was in any other, is

it not that by being more enlightened, we

think we have more right to fame, and more

pretenfions to fuperiority ?

Be that as it may, this invention was the

caufe of many other difcoveries of antiquity

at prefent vanifhed, becaufe the facility of

denying them has been preferred to the trouble

of finding them out
;
and the burning-glades of

Archimedes have been fo decried, that it does

not appear poffible to re-eftabliffi the repu-

tation; for, to call the judgment of Defcartes

in queftion, fomething more is required than

aflertions, and there only remained one fure

decifive mode, but at the fame time, diffi-

cult and bold, which was to undertake to

difcover glades that might produce the like

<effe£te.

Though
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Though I had conceived the idea, I was for

a long time, deterred from making the experi-

ment by the dread of the difficulty which might

attend it ; at length, however, I determined to

fearch after the mode of making mirrors to

burn at a great diftance, as from 100 to 300

feet. I knew', in general, that the powTer of

reflecting mirrors, never extended farther than

15 or 20 feet, and with réfringent, the diftance

was ftill ffiorter
;
and I perceived it was im-

poffible by practice to form a metal, or glafs

mirror with fuch exactnefs as to burn at thefe

great diftances. To have fufficient power for

that, the fphere, for example, muft be 800

feet diameter
;

therefore, we could hope for

nothing of that kind in the common mode of

working glafles
; and I foon perceived that if

we could find a new method to give to large

pieces of glafs, or metal, a curve fufficiently

flight, there would ftill refult but a very incon-

fiderable advantage.

But to proceed regularly, it was neceffary

firft to fee how much light the fun lofes by

reflection at different diftances, and what are

the matters which reflect it the ftrongeft
; I

firft found, that glafles when they are polifhed

with care, reflect the light more powerfully

than the beft polifhed metals, and even better

C c 2 than
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than the compounded metal with which tele-

fcope mirrors are made
;
and that although

there are two reflections in the glafles, they

yet give a brighter and more clear light than

metal. Secondly, by receiving the light of

the fun in a dark place, and by comparing it

with this light of the fun reflected by a glafs, I

found, that at fmall diftances, as four or five

feet, it only loft about half by reflection,

which I judged by letting a fécond reflected

light fall on the firft
;
for the brifknefs of thefe

two reflected lights appeared to be equal to

that of direct light. Thirdly, having received

at the diftances of 100, 2C0, and 300 feet,

this light reflected by great glafles, I per-

ceived that it did not lofe any of its ftrength

by the thicknefs of the air it had to pafs

through.

I afterwards tried the fame experiments on

the light of candles, and to aflure myfelf more

exactly of the quantity of weaknefs that re-

flection caufes to this light, I made the follow-

ing experiments :

I feated myfelf oppofite a glafs mirror with

a book in my hand, in a room where the dark-

nefs of the night would not permit me to dif-

tinguilh a Angle object. In an adjoining room

I had a lighted candle placed at about 40 feet

diftance
;
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diflance this I approached nearer and nearer,

till I could read the book, when the diftance

was about 24 feet. Afterwards turning the

book, I endeavoured to read by the reflected

light, having by a parchment intercepted' the

part of the light which did not fall on the

mirror, in order to have only the refleded

light on my hook. To do fo 1 was obliged to

approach the candle nearer, which I did by

degrees, till I could read the fame charaders

clearly by the fame light, and then the diftance

from the candle, comprehending that of the

book to the mirror, which was only half a

foot, I found to be in all 15 feet. I repeated

this feveral times, and had always nearly the

fame refults ;
from whence I concluded, that

the ftrength, or quantity, of dired light is to

that of refleded light, as 576 to 225 ;
there-

fore, the light of five candles refleded by a

flat glafs, is nearly equal to that of the dired

light of two.

The light of a candle, therefore, lofes more

by refledion than the light of the fun
;
and

this difference proceeds from the rays of the

former falling more obliquely on the mirror

than the rays of the fun, which come almoft

parallel. The experiment confirms what I had

at firft found, and I hold it certain, that the

light
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light of the fun lofes only half by its reflection

©n a glafs mirror.

This firft information, of which I had need,

being acquired, I afterwards fought what be-

came of the images of the fun when received

at great diftances. To be perfectly underftood

we muft not, as is generally done, confider the

rays of the fun as parallel
;
and it muflalfo be

remembered, that the body of the fun occupies

an extent of about 32 minutes
;

that the rays,

which iflue from the upper edge of the difk,

falling on a point of a reflecting furface, the

rays, which iflue from the lower edge, falling

alfo on the fame point of this furface, they

form between them an angle of 32 minutes in

the incidence, and afterwards in the reflection,

and that, confequently, the image muft increafe

in fize, in proportion as it is farther diftant.

Attention muft likewife be paid to the figure

of thofe images
; for example, a plain fquare

glafs of half a foot, expofed to the rays of the

fun, will form a fquare image of fix inches,

wheruthis image is received at thediftance of a

few feet
;
by removing farther and farther off,

the image is feen to increafe, afterwards to be-

come deformed, then round, in which ftate it

remains (till increafing in fize, in proportion

as we are more diftant from the mirror. This

image
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image is compofed of as many of the fun's difks

as there are phyfical points in the reflecting

lurface
;

the middle point forms an image of

the difk, the adjoining points form the like,

and of the fame fize, which exceed a little the

middle difk : it is the fame with the other

points, and the image is compofed of an infi-

nity of difks, which furmounting regularly,

and anticipating circularly one over the other,

form the reflected image, of which the middle

point of the glafs is the centre.

If the image compofed of all thefe difks is

received at a fmall diftanôe, then their extent

being fomewhat larger than that of the glafs,

this image is of the fame figure, and nearly of

the fame extent as the glafs
;
but when the

image is received at a great diftance from the

glafs, where the extent of the difks is much
greater than that of the glafs, the image no

longer retains the fame figure as the glafs, but

becomes neceflarily circular. To find the

point of diftance where the image lofes its

fquare figure, we have only to feek for the dif-

tance where the glafs appears under an angle

equal to that the fun forms to our fight, i. e.

an angle of 32 minutes, and this diftance will

be that where the image will lofe its fquare

figure, and become round, for the difks having

always
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always an equal line to the femi-circle, which

meafures an angle of 32 minutes for a diame-

ter, we fliall find by this rule that a fquare glafs

of fix inches lofes its fquare figure at the dif-

tance of about 60 feet, and that a glafs of a

foot fquare lofes it at 120 feet, and fo on of

the reft*

By refie£ting a little on this theory we fhall

no longer be aftonifhed to find, that at very great

diftances a large and fmall glafs afford nearly an

image of the fame fize, and which only difFers

by the intenfity of the light
;
we fhall no longer

be furprifed that a round, fquare, long, or tri-

angular glafs, or any other figure, always yields

round images and we fhall evidently fee that

images do not increafe and leflen by the dif-

perfion of light, or by any lofs in palling thro'

the air, as feme phyficians have imagined; but

that, on the contrary, it is only occafioned by

the augmentation of the difks, which always

occupy a fpace of 32 minutes to whatever dif-

tance they are removed.
*

•

So, likewife, we (hall be convinced, by the

expofition of this theory, that curves, of what-

foever kind they be, cannot be ufed with ad-

vantage

* This is the reafon that the fmall images, which pafs be-

twixt the leaves of. high and full trees, and which falling on the

walks, are all oval or round. .
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vantage to burn at a great diftance, becaufe the

diameter of the focus can never be fmaller than

the chord which meafures an angle of 32 mi-

nutes, and that, confequently, the moft perfect

concave mirror, whofe diameter is equal to this

chord, will never produce double the effeCt of

a plain mirror of the fame furface
\
and if the

diameter of a curved mirror was lefs than the

chord, it would fcarcely have more effect than a

plain mirror of the fame furface.

When I had well confidered the above I had

no longer a doubt that Archimedes coulrd not

burn at a diftance but with plain mirrors, for,

independent of the impoffibility they then felt,

and which we feel at prefent, of making con-

cave mirrors with fo large a focus, I perceived

that the reflection I have juft made could not

have efcaped this great mathematician. Befides,

according to every appearance, the ancients did

not know how to make large mafles of glafs
;

they were ignorant of the art of burning it to

make large glafles, pofleiling only the method

of blowing it, and making bottles and vafes
;

from which confideration I was led to con-

clude, that it was with plain mirrors of poliihed

metals, and by the reflections of the fun, that

Archimedes had been enabled to burn at a dif-

tance. But as 1 perceived that glafs mirrors

vol. x. D d refleded
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refle&ed the light more powerfully than the

moft polifhed mirrors, I thought to conftruâ: a

machine to coincide in the fame point the re-

flected images by a great number of thefe plain

glades, being well convinced that this was the

foie mode of fucceeding.

Neverthelefs, 1 had (till Tome doubts re-

maining, which appeared to me well founded.

For fuppofing the burning diftance to be 240

feet, I perceived clearly that the focus of my
mirror could not have a lefs than two feet dia-

meter
;

in which cafe what would be the ex-

tent I Ihould be obliged to give to my affemblage

of plain mirrors to produce a fire in fo great a

focus ? It might be fo great that the thing

would be impraticable in the execution, for

by comparing the diameter of the focus to the

diameter of the mirror, in the beft refle&ing

mirrors, I obferved, that the diameter of the

Academy’s mirror, which is three feet, was

108 times bigger than its .focus, which was no

more than four lines, and I concluded, that to

burn as ftrong at 240 feet it was neceffary that

my affemblage of mirrors fhould be 216 feet

diameter to have a focus of two feet
;
now a

mirror of 216 feet diameter was certainly an

impoffible thing.

This
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This mirror of three feet diameter burnt

ftrong enough to melt gold, and I was defirous

to fee how much I fhould gain by reducing its

ation to the burning of wood. For this pur-

pofe I ufed circular zones of paper on the mir-

rors to diminifh the diameter, and I found that

there was no longer power enough to inflame

dry wood when its diameter was reduced to

little more than four inches
;
therefore taking

five inches, or fixty lines, for the diameter ne-

ceflary to burn with a focus of four lines, it

appeared, that to burn equally at 240 feet,

where the focus fhould neceflarily have two

feet diameter, I fhould require a mirror of 30
feet diameter, which appeared (till as impof-

fible, or at leaf! impraticable.

To fuch pofitive conclufions, and which

others would have regarded as demonftrations

of the impofiibility of the mirror, I had only a

fuppofition to oppofe
;
an old fuppofition, on

which the more I had refleted the more I was

perfuaded that it was not without foundation
;

namely, that the effets of heat might poflibly

not be in proportion to the quantity of light,

or, what amounts to the fame, that at the equal

intenfity of light large focufes muft burn

brifker than the fmall.

D d 2 By
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By eftimating heat mathematically, it is not

to be doubted but that the power of a focus of

the fame length is in proportion to the furface

of the mirror. A mirror, whofe furface is double

that of another, muft have the fame fized fo-

cus, and this focus muft contain double the

quantity of light which the firft contained; and

in the fuppofition, that effefts are always in

proportion to their caufes, it had always been

thought that the heat of this fécond focus fhould

be double that of the firft.

So likewife, and by the fame mathematical

eftimation, it has always been thought, that at

an equal intenfity of light, a fmall focus ought

to burn as much as a large one, and that the

efie£t of the heat ought to be in proportion to

this intenfity of light : infornuch (fays Def-

cartes) that glaffes, or extremelyfmall mirrors,

may le made
,
which will burn with as much vio-

lence as the large . I at firft thought that this

conclufion, drawn from mathematical theory,

might be found falfe in the pra&ice, becaufe

heat being a phyfical quality, of the aftion

and propagation of which we know not the

laws, it feemed to me, that there was fome

kind of temerity to eftimate thus effects by a

fimple fpeculation.

I had
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I had, therefore, once more recourfe to ex-

periments. I took metal mirrors of different

focufes and different degrees of polifh, and by-

comparing the different a&ions on the fame

fufible or combuftible matters, I found, that at

an equal intenfity of light, large focufes con-

ftantly have more effedt than fmall, and I dif-

covered the fame to be the cafe with refradting

mirrors.

The reafon of this difference is eafy to be

afligned, if we confider, that heat communi-

cates nearer and nearer, and difperfes, if I may

fay fo, when it is even applied on the fame

point : for example, if we let the focus of a

burning-giafs fall on the centre of a crown

piece, and that this focus was only a 22d of an

inch diameter, the heat produced on the centre

difperfes and extends over and throughout the

whole piece : thus all the heat, although ufed

at firfito the centre of the crown, does not flop

there, and confequently cannot produce fo

great an effect as if it did. But if, inftead of a

focus of a 1

2

th of an inch, we let fall a focus of

equal intenfity on the whole crown, every part

being alike heated, then intlead of experiencing

the lofs of heat, it acquires an augmentation
;

for the middle profiting of the heat with the

other points which furrcund it, the crown piece

will
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will be melted in this latter cafe, whereas, in

the firft, it will be only flightly heated.

After thefe experiments and reflections, I

felt the hope of my fuccefs to make mirrors to

burn atv a great diftance prodigioufly to in-

creafe
;

for I began no longer to dread, as be-

fore, the great extent of the focus
;

I was per-

fuaded, on the contrary, that a focus of a con-

fiderable breadth, as two feet, and in which

the intenfity of the light would not be near fo

great as in a fmall focus of four lines, might,

neverthelefs, produce inflammation, and with

more pow’er
;

and that, confequently, this

mirror, which, by mathematical theory, ought

to have at leaft thirty feet diameter, would be

reduced to one of eight or ten feet at moft,

which was not only a poflible, but even a very

practicable thing.

I then thought ferioufly to execute my pro-

ject : I had at firft adefign of trying to burn at

200 or 300 feet diftance with circular or hexa-

gon glafles, of a fqiiare foot in furface, and I

was defirous of having four iron carriages for

them, with fcrews to each to move them, and a

fpring to adjuft them; but the confiderable ex-

pence this adjuftment exacted, made me quit

that idea, and I took two common glafles of

fix inches by eight, and a wooden adjuftment,

which
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which, in fact, was. lefs folid and precife, but

the expence was more agreeable
;

the mecha-

nifm of which I had executed by M. Paffe-

ment.

It is fufficient to fay, that it was at firft com-

pofed of 168 glaffes of fix inches by eight

each, about 4-i2ths of an inch diftant from

each other
;

thefe glaffes moved in all direc-

tions, and the four lines of fpace between them

not only ferved. for the freedom of this motion,

but alfo to let the operator fee the place where

he was to conduct his images. By means of

this conftruction, 168 images could be thrown

on one point, and, confequently, burn at feveral

diftances, as at 2p, 30, and to 150 feet. By

increafing the fize of the mirror, or by making

other mirrors like the firft, we are certain of

throwing fire to ftill greater diftances, or to

increafe as much as we pleafe the force or ac-

tivity of thofe firft diftances.

It is only to be obferved, that the motion

here fpoken of is not very eafy to be executed,

and that alfo there is a very great choice to be

made in the glaffes
;
for they are not all equally

good, though they appear fo at the firft infpec-

tion. I was obliged to pick out of more than

500 the 168 I made ufe of. The method of

trying them is to receive at 150 feet diftance

the
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the reflected image of the fun, as a vertical

plane; we muft felect thofe which give a round

and terminated image, and put afide the reft*

whofe thickneffes being unequal in different

parts, or the furface a little concave or convex,

have images badly terminated, double, treble,

oblong, &c. according to the different defects

found in the giaffes.

By the firft experiment I made the 23d of

March, 1747, at noon I fet fire to a plank of fir

at fixty-fix feet diftance, with forty giaffes only,

about a quarter of the mirror. It muft be ob-

ferved, that not being yet mounted, it was very

difadvantageoufiy placed, forming an angle with

the fun of twenty degrees declination, and ano-

ther of more than ten degrees inclination.

The fame day I fet fire to a pitchy and fulphu-

reous plank at 126 feet diftance, with eighty-

eight giaffes, the mirror being ftill placed difad-

vantageoufly. It is well known, that to burn

with more advantage, the mirror fhould be di-

rectly oppofed to the fun, as well as the matters

to be inflamed; fo that, by fuppofing a perpen-

dicular plane on the plane of the mirror, it muft

pafs by the fun, and, at the fame time, through

the midft of combuftible matters.

The 3d of April, at four o’clock in the af-

ternoon, the mirror being mounted, produced

a flight
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a flight inflammation on a plank covered with

pitch at 138 feet diftance, although the fun

was weak and the light pale. It is requilite to

he careful, when we approach the fpot where

the combuftible matters are, and not look on

the mirror
;

for if, unfortunately, the eyes

fhould meet the focus, inevitable blindnefs will

enfue.

The 4th of April, at eleven in the morning,

although the fun appeared watery, and the (ky

cloudy, yet it produced, with 154 glafles, fo

confiderable a heat at 158 feet, that in lefs than

two minutes it made a deal plank to fmoke,

and which would certainly have flamed, if the

fun had not fuddenly difappeared.

The enfuing day, the 5th of April, at three

o’clock in the afternoon, we fet fire in a minute

and an half at 1 50 feet diftance, to a plank ful-

phured and mixed with coals, with 154 glafles.

When the fun is powerful, only a few féconds

is required to produce inflammation.

The 10th of April in the afternoon, the fun

being bright, we fet fire to a fir plank at 150

feet diftance, with only 128 glafles: the in-

flammation was very fudden, and made in all.

the extent of the focus, which was about fix-

teen inches diameter at this diftance.

E e TheVOL. X.
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The fame day, at half part two o’clock, we
threw the fire on another plank, partly pitched

and covered with fulphur in fome places : the

inflammation was made very fuddenly
;

it be-

gan by the parts of the wood which were un-

covered, and the fire was fo violent, that the

plank was obliged to be dipped in water to ex-

tinguilh it : there were 148 glafles at 150 feet

difiance.

The nth of April, the focus being only 20
' feet diftant from the mirror, it only required 1

2

glafles to inflame fmall combuftible matters
;

with 21 glafles we fet fire to another plank

which had already been partly burnt
;
with

45 glafles we melted a block of tin of 61 b.

weight ;
and with 117 glafles we melted thin

pieces of filver, and reddened an iron plate
;

and I am alfo perfuaded, that by ufing all the

glafles of the mirror we fhould have been

enabled to have melted metals at 50 feet dif-

tance
;
and as the focus at this diflance was

fix or feven inches broad, we fhould be able to

make trials on all metals, which it was not

poflible to do with common mirrors, whofe

focus is eithet very weak or 100 times fmaller

than that of mine. I have remarked, that me-

tals, and efpecially filver, fmoke much before

they melt
;
the fmoke was fo ftriking that it

fliaded



NATURAL HISTORY. 2 1

1

lhaded the ground, and it was there 1 looked

on it attentively, for it is not poflible to look a

moment On the focus when it falls on the me-

tal, the luftre being much more dazzling than

that of the fun.

The experiments which I have here related

have been followed by a'great number of others,

which confirm them. I have fet fire to wood

at 2io feet diftance with this mirror, by the

fun in the fummer
;
and I am certain, that with

four fimilar mirrors I could burn at 400 feet,

and, perhaps, at a greater diftance. I have,

likewife, melted all metals, and metallic mi-

nerals, at 125, 130, and 140 feet. We fhall

find, in the courfe of this article, the ufes to

which thefe mirrors can be applied, and the

limits that mull be affigned to their power for

calcination, combuftion, fufion, &c.

This mirror burnt according to the different

inclination given it, and what gave it this ad-

vantage over the common reflecting mirrors

was, that its focus was very diftant, and had

fo little curvature, that it was almoft imper-

ceptible : it was feven feet broad by eight feet

high, which makes about 150th part of the

circumference of the fphere, when we burn at

150 feet diftance.

E e 2 The
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1 he reafon that determined me to prefer

glaffes of fix inches broad by eight inches high,

to fquare glares of fix or eight inches, was,
that it is much more commodious to make ex-
periments upon an horizontal and level ground
than otherwife, and that with this figure higher

than broader the images were rounder; whereas
with fquare glaffes they would be ihortened,

efpecially at fmall diftances, in an horizontal

fituation.

This difcovery furnifhes us with many ufeful

hints for phyfic, and, perhaps, for the arts. We
know that what renders common reflecting

mirrors almoft ufelefs for experiments is, that

they burn almoft always upwards, and that we
are greatly embarralfed to find means to fup-

prefs or fupport matters to be melted or calcin-

ed to their focus. By means of my mirror we
burn concave mirrors downwards, and with fo

great an advantage that we have what degree

of heat we pleafe
; for example, by oppofipg

to my mirror a concave one of a foot fquare in

the furface, the heat produced to this laft mir-
ror, by ufing 154 glalfes only, will be upwards
of 12 times greater than that generally pro-
duced, and the effeét will be the fame as if 12
funs exifted inflead of one, or x'ather as if the

fun had x 2 times more heat.

Secondly,
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Secondly, By means of my mirror we {hall

have the true fcale of the augmentation of heat,

and make a real thermometer, whofe divifions

will be no longer arbitrary, from the tempera-

ture of the air to what degree of heat we chufe,

by letting fall, fucceffively, the images of the

fun one on the other, and by graduating the

intervals, whether ,by means of an expanfive

liquor, or a machine ,of dilatation, and from

that we fhall know, in fa£t, what a double,

treble, quadruple, &c. augmentation of heat is,

and {hall find out matters whofe expanfion, or

other effeéts, will be the moft fuitable to mea-

fure the augmentations of heat.

Thirdly, We Ihallexadlly know how many

times is required for the heat of the fun to

burn, melt, or calcine different matters, which

was hitherto only known in a vague and very

indefinite manner; and (hall be in a {late to

make precife comparifons of the activity of our

fires with that of the fun, and have exa£t rela-

tions and fixed and invariable meafures. In

fhort, thofe who examine my theory, and (hall

have feen the effeét of my mirror, I think will

be convinced that the mode I haveufed w as the

only one pofiible to fucceed to burn far off,

for, independent of the phyfical difficulty of

making
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making large concave, fpherical, parybolical

mirrors, or of any other curvature whatfoever,

regular enough to burn at 150 feet diftance,

we (hall eafily be convinced that they would

not produce but nearly as much effeét as mine,

becaufe the focus would be almoft as broad
;

that befides, thefe curved mirrors, if even it

fhould be poflible to make them, would have

the very great difadvantage to burn only at a

nigh diftance, whereas mine burns at all dis-

tances
;
and, confequently, we (hall abandon

the fcheme of making mirrors to burn at a

great diftance by means of curves, which has

ufelefsly employed a great number of mathe-

maticians and artifts, who were always de-

ceived; becaufe they confidered the rays of the

fun as parallel, whereas they Should be confi-

dered as they are, namely, as forming angles of

all fizes, from o to 32 minutes, which makes

it impoftible, whatfoever curve is given to a

mirror, to render the diameter of the focus

Smaller than the chord, which meafures 32

minutes. Thus, if even we could make a

concave mirror to burn at a great diftance ;

for example, at 15.0 feet,
x
by employing all its

points on a Sphere of 600 feet diameter, and

by employing an uncommon mafs of glafs or

metal.
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metal, it is evident that we fhall have a little

more advantage than by ufing, as I have done,

only fmall plain mirrors.

On the whole, altho’ this mirror is fufcep-

tible of a very great perfection, both for the

adjuftment, and many other particulars, and

tho’ l think I fhall be able to make another,

whofe effeds will be fuperior, yet, as every

thing has its limits, it mu ft not be expeded that

ever one can be formed to burn at extreme dis-

tances
;
to burn, for example, at the diftance of

half a mile, a mirror 200 times larger would be

required ;
and I am of opinion that more will

never be effeded than to burn at the diftance

of 8 or goo feet. The focus, whofe motion is

always correfpondent to that of the fun moves

fo much the quicker, as it is farther diftant

from the mirror
;
and at 90 feet it would move

about fix feet a minute.

However, as I have given an account of my
difcovery, and the fuccefs of my experiments,

I fhould render to Archimedes, and the an-

cients, the glory that is their due. It is certain

that Archimedes could perform with metal

mirrors what I have done with glafs, and that,

confequently, I cannot refufe him the title of

the firft inventor of thefe mirrors, which the

opportunity he had to ufe them rendered him,

withouj
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without doubt, more celebrated than the merit

of the thing itfelf.

Many advantages may be derived from the'

ufe of thcfe mirrors
;
with an affemblage of

fmall mirrors, with hexagonal planes, and po-

lifhed fteel, wrhich will have more folidity than

glaffes, and which would not be fubjeét to the

alterations which the light of the funmaycaufe,

we may produce very ufeful effects, and which

would amply repay the expences of the con-

ftruCtion of the mirror.

i. For all evaporations of fait waters, where

great quantities of wood and coal are confum-

ed, or ftruCtures for the purpofe of carrying the

waters off, which coft more than the conftruc-

tion of many mirrors, fuch as I mention
;
for

the evaporation of fait waters, only an af-

femblage of twelve plain mirrors of a fquare

foot each is neceffary. The heat reflected by

their focufes, although directed below their

level, and at fifteen or fixteen feet diftance, will

be ft ill great enough to boil water, and confe-

tpently, produce a quick evaporation
;

for the

heat of boiling water is only treble the heat of

the fun in fummer
;
and as the reflection of a

well pplifhed plain furface only diminifhes the

heat one half, fix mirrors are only required to

produce to the focus a heat equal to boiling

water
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Water ;
but I fhall double the number to make

the heat cômmunicate quicker; and likewife by

reafon of the lofs occafioned by the obliquity>

under which the light falls on the furface of the

water to be evaporated* and becaufe fait water

heats flower than frefh. This mirror, whofe

aftemblage would form only a fquare four feet

broad by three feet high, would be eafy to be

managed
;
and if it were required to double or

treble the effeéts in the fame time, it would be

better to make fo many fimilar mirrors, than

to augment the Hate of them
; for water can

only receive a certain quantity of heat, and we
fhould not gain any thing by increafing this

degree ;
whereas, by making two focufes with

two equal mirrors, we fhould double the effe£l

of the evaporation, and treble it by three mir-

rors* whofe focufes would fall feparately one

from the other on the furface of the water to

be evaporated. We cannot avoid the lofs cauf-

ed by the obliquity
;
nor can it be remedied

but by fiiffering a ftill greater, that is, by re-

ceiving the rays of the fun on alargeglafs which

would reflect them broken on the mirror
;
for

then it would burn at bottom inftead of the

top, but it would lofe half the heat by the firfl

refle&ion, and half of the remainder by the

fécond : fo that inftead of fix fmall mirrors, it

vol. x. F f would
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would require a dozen to obtain a heat equal

to boiling water. For the evaporation to be

made with more fuccefs, we ought to diminifh

the thicknefs of the water as much as poffible
;

a mafs of water a foot deep will not eva-

porate nearly fo quick as the fame mafs re-

duced to fix inches, and increafed to double the

fuperficies. Befides, the bottom being nearer

the furface, it heats quicker, and this heat,

which the bottom of the veflel receives, con-

tributes ftill more to the celerity of the eva-

poration.

' 2. Thefe mirrors may be u fed with advan-

tage to calcine plaifters, and even calcareous

itones, but they would require to be larger, and

the matters placed in an elevated fituation, that

nothing may be loft by the obliquity of the

light. It has already been obferved that gyp-

fums heat as foon again as foft calcareous ftone,

and nearly twice as quick as marble, or hard

calcareous ftone
;

their calcination, therefore,

muft be in a refpeflive ratio. I have found by

an experiment repeated three times, that very

little more heat is required to calcine white

gypfum, called alabafter, than to melt lead.

Now the heat neceffary to melt lead is, accord-

ing to Newton, eight times ftronger than the

heat of the futnmer fun
;

it therefore would

. ; - require
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require fixteen fmall mirrors to calcine gyp-

fum ;
and becaufe of the lofles thereby occa-

fioned, as well as by the obliquity of the light-,

and the inequality of the focus, that is not re-

moved above fifteen feet, I prefume it would

require twenty, and perhaps twenty-four mir-

rors of a foot fquareeach, to calcine gypfum in

a fhort time, confequently it would require an

aflemblage of forty-eight fmall mirrors to cal-

cine the fofteft calcareous flone, and feventy-

two of a foot fquare to calcine hard calcareous

(tones. Now a mirror twelve feet broad by

fix feet high, would be a large and cumber-

fome machine; neverthelefs, we might conquer

thefe difficulties if the product of the calcina-

tion was confiderable enough to be equivalent,

and to furpafs the expence of the confumption

of wood. To afcertain this, we ought to begin

with calcining of plaifter with a mirror of

twenty-four pieces, and if that fucceeded, to

make two other like mirrors, inftead of mak-

ing a large one of feventy-two pieces
;

for by

co-inciding the focufes of thefe three rpirrors

of twenty- four pieces, we (hall produce an

equal heat, ftrong enough to calcine marble or

hard (lone.

But a very effential matter remains doubtful,

that is, to know how long time would be re-

F f 2 quifite
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quifite to calcine a cubical foot of matter, efpe-

dally if that foot was ftruck with the heat

only in one part. Some time would pafs be-

fore the heat penetrated its thicknefs.; during

this time, a great part of the heat would be

loft, and which would iffue from this piece of

matter after it had entered therein. I greatly

doubt, therefore, whether the ftone not being

touched by the heat on every fide at once, the

calcination would not be flower, and the pro-

duce lefs. Experience alone can decide this,

but it would be at leaft neceflary to attempt it

on gypfous matters, whofe calcination is as

quick again as calcareous ftone.

By concentrating this heat of the fun in a

kiln, which has no other opening than that

which admits the light, a great part of the

heat would be prevented from flying oflf, and

by mixing with calcareous ftone a fmall quan-

tity of coal duft, which is the cheapeft of all

combuftible matters, this flight fupply of food

would fufflce to feed and augment the quan-

tity of heat, which would produce a more

ample and quick calcination, and at very little

expence.

3. Thefe mirrors of Archimedes might be,

in fa£t,ufed to fet fire to the fails of veflels, and

even to pitched wood at more than 150 feet

diftance
;
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diftance ;
they might alfo be ufed againft the

enemy, by burning the grain and other pro-

dudions of the earth
;

this effed would be no

lefs fudden than deftrudive
;

but we (hall not

dwell on the means of doing mifchief, con-

ceiving it to be more our duty to think on

thofe which may do feme real fervice to human

nature.

4. Thefe mirrors furnifh the foie means of

exadly meafuring heat. It is evident, that two

mirrors, whofe luminous images unite, produce

double heat in all the points of their furfaces,

that three, four, five, or more mirrors, will alfo

give a treble, quadruple, quintuple, &c. heat,

and that, confequently, by this mode we can

make a thermometer whofe divifions will not

be too arbitrary, and the feales different, like

thofe of the prefent thermometers. The only

arbitrary thing which would enter into the com-

pofition of this thermometer, would be the

fuppofition of the total number of the parts of

the quickfilver by quitting the degree of abfo-

lute cold
; but by taking it to 10000 below

the congelation of water, inftead of 1000, as

in our common thermometers, we (hould ap-

proach greatly towards reality, efpecially by

chufing the coldeft day in winter to mark the

thermometers, for then eyery image of the fun

would
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would give it a degree of heat above the tem-

perature of ice. The point to which the mer-

cury rifes by the firft image of the fun, would

be marked r, and fo on to the higheft, w^hich

might be extended to 36 degrees. At this de-

gree we fhould have an augmentation of heat,

thirty-fix times greater than that of the firft,

eighteen times greater than the fécond, twrelve

times greater than the third, nine times greater

than the fourth, and fo on
;
this augmentation

of thirty-fix of heat above that of ice would be

fufficient to melt lead
;
and there is every appear-

ance to think that mercury, which volatilizes

by a much lefs heat, would by its vapour break

the thermometer. We cannot, therefore, at mod
extend the divifion farther than twelve, and

perhaps not farther than nine degrees, if mer-

cury is ufed for thefe thermometers, and by

thefe means we fhall have only nine degrees of

the augmentation of heat. This is one of the

reafons which induced Newton to make ufe of

linfeedoil inftead of quickfilver; and, in faft,

we can, by making ufe of this liquor, extend

the divifion not only to twelve degrees, but as

far as to make this oil to boil. I do not pro-

pofe fpirits of wine, becaufe that liquor de-

compofes in a very fhort time, and cannot be

ufed for experiments of a ftrong heat.

When
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When on the fcale of thefe thermometers

filled with oil or mercury, the firft divifions

i, 2, 3> 4> are marked to indicate the

double, treble, quadruple, &c. augmentations

of heat* we mud fearch after the aliquot parts

of each divifion
;

for example, of the point i J,

3|, &c. or ii, 2|, and i|, 2f,3f,
and which will be obtained in an eafy manner,

by covering the |, \> or | of the fuperficies of

one of thofe fmall mirrors
;

for then the image

which it refleds, will contain only the J, |, or |

of the heat which the whole image will con-

tain, and, confequently, the divifion of the

aliquot parts will be as exad as thofe of the

whole numbers.

If once we fucceed in this real thermometer,

which I call real, becaufe itadually marks thè

proportion of the heat, every other thermome-

ter whofe fcale is arbitrary and different, will

become not only fuperfluous* but even hurtful

in many cafes, to the precifion of phyfical truths

fought after by their means.

5. By means of three mirrors we may eafily

colled in their purity, the volatile parts of gold,

filver, and other metals and minerals
;

for, by

expofing to the large focus of thofe mirrors a

large piece of metal, as à difh , or filver plate,

we (hall fee fmoke iffue therefrom in great

abundance,
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abundance, and for a confiderable time, till the

metal is infufion; and by giving only a finaller

heat than what fufion requires, we (hall eva-

porate the metal fo as to diminifh the weight

confiderably.

I am certain of this circumftance, which

furnifhes lights on the intimate compofition of

metals. 1 was defirous of collecting this plen-

tiful vapour, which the pure fire of the fun

caufes to iffue from the metal, but I had not

neceffary inftruments, and I can only recom-

mend to chemifts and phyficians to follow this

important experiment, the refults of which

would be as much lefs equivocal as the metallic

vapour is pure
;
whereas, in all like operations

made with common fire, the metallic vapour is

neceffarily mixed with other vapours proceed-

ing from combuftible matters which ferve for

food to this fire.

Befides, this means is the only one we have

to volatilize fixed metals, fuch as gold and fil-

ver
; for I prefume that this vapour, which I

have feen rife in fuch great quantities from

thefe fixed metals, heated in the large focus of

my mirror, is neither of water, nor of any

other liquor, but of the parts even of the me-

tal which the heat detaches by volatilizing

them. By receiving thefe vapours of different

metals.
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metals, and thus mixing them together, more

intimate and pure alloys would be made than

can be by fufion, and the mixture of thefe me-

tals when melted, which never perfectly unite,

by reafon of the inequality of their fpecific

weight, and many other circumftances which

are oppofed to the intimate and perfeél equality

of the mixture. As the conftituent parts of

thefe metallic vapours are in a much greater

ftate of divifion than fufion, they would join

and unite clofer and more readily. In fhort,

we fhould attain the knowledge of a gênerai

fa£t by this mode, and which, for many rea-

fons, I have a long time fufpe£ted, that there is

penetration in all alloys made in this manner,

and that their fpecific weight would be always

greater than the fum of the fpecific weights of

the matters of which they are compofed : for

penetration is only a greater degree of inti-,

macy, every thing equal in other refpedts will

be fo much the greater as matters will be in a

more perfect ftate of divifion.

By refle&ing on the veflels ufed to receive

and colleêl thefe metallic vapours, I was fur-

nifhed with an idea, which appeared to me to

be of too great utility not to publilh
;

it is alfo

eafy enough to be realized by good able che-

mifts
;

1 have even communicated it to fome

VOL* X. G g < of
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of them, who appeared quite fatisfied there-

with. This idea is to freeze mercury in this

climate, and with a much lefs degree of cold

than that of the experiments of Peterfburgh

or Siberia. For this purpofe the vapour of

mercury is only required to be received, and

which is the mercury itfelf volatilized by a

very moderate heat in a crucible, or veffel, to

which we give a certain degree of artificial

cold. This vapour, or this mercury, minutely

divided, will offer, to the action of the cold,,

furfaces fo large, and maffes fo fmal], that in-

itead of 187 degrees of cold requifite to freeze

mercury, poffibly 18 or 20 will be fufficient,

and perhaps even lefs to freeze it when in va-

pour. I recommend this important experi-

ment to all thofe who endeavour earneftly for

the advancement of the fciences.

To thefe principal ufes of the mirror of

Archimedes, I could add many other particular

ones
;
but 1 have confined myfelf to thofe only

which have appeared the moft ufeful, and leaft

difficult to be put in practice
;
neverthelefs I

have fubjoined fome experiments that I made

on the tranfmiffion of light through tranfparent

bodies, to give fome new ideas on the means of

feeing objeéts at a diftance with the naked eye,

or with a mirror, like that fpoken of by the an-

cients,



NATURAL HISTORY. 22J

cients, and by the effefl: of which veffels could

be perceived from the port of Alexandria, as

far as the curvature of the earth would permit.

Phyficians at prefent know, that there are

three caufes which prevent the light from

uniting in a point, when its rays have paffed

the objective glafs of a common mirror. The
firft is the fpherical curve of this glafs, which

difperfes a part of the rays in a fpace termi-

nated by a curve. The fécond is the angle un-

der which the object appears to the naked eye
;

for the breadth of the focus of the objective

glafs has a diameter nearly equal to the chord

of which this angle meafures. The third is the

different refrangibility of the light
;

for the

mod refrangible rays do not collect in the fame

place with the leffer.

The firft caufe may be remedied by fubfti-

tuting, as Defcartes has propofed, elliptical, or

hyperbolical, glaffes to the fpherical. The
fécond is to be remedied by a fécond glafs,

placed to the focus of the objective, whofe dia-

meter is nearly equal the breadth of this focus,

and whofe furface is worked on a fphere of a

very fhort ray. The third has been found to

be remedied, by making telefcopes, called Acro-

matics, which are compofed of two forts of

glaffes, which difperfe the coloured rays differ-

G g 2 ently-
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ently ;
fo that the difperfion of the one is cor-

rected by the other, without the general re-

fraCiion, which conflitutes the mirror, being

deftroyed. A telefcope 3! feet long, made on

this principle, is in effeCt equivalent to the old

telefcopes of 25 feet.

But the remedy of the firfl caufe is perfectly

ufelefs at this time, becaufe the effeCt of the

laft being much more confiderable, has fuch

great influence on the whole effeCt that nothing

can be gained by fubftituting hyperbolical, or

elliptical glafies to fphericali and this fubftitu-

tion could not become advantageous but in the

cafe where the means of correcting the effeCt

of the different refrangibility of the rays of

light might be found ;
it feems, therefore, that

we (hould do well to combine the two means,

and to fubftitute, in acromatic telefcopes, el-

liptical glafies.

To render this more obvious, let us fuppofe

the objeCt obferved to be a luminous point

without extent, as a fixed ftar is to us. It is

certain, that with an objective glafs, for ex-

ample, of 30 feet focus, all the images of this

luminous point will extend in the form of a

curve to this focus, if it is worked on a fphere ;

and, on the contrary, they will unite in one

point if this glafs is hyperbolical; but if the
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object obferved at a certain extent, as the moon,

which occupies half a degree of fpace to our

eyes, then the image of this object will occupy

a fpace of three inches diameter in the focus of

the objective glafs of 30 feet
; and the abdica-

tion caufed by the fphericity producing a con-

fufion in any luminous point, it produces the

fame on every luminous point of the moon’s

difk, and, confequently, wholly disfigures it.

There would be, then, much difadvantage in

making ufe of elliptical glades for long tele-

fcopes, fince the means has been found, in a

great meafure, to correct the effect produced

by the different refrangibility of the mirrors.

From this it follows, that if we would make

a telefcope of 30 feet, to obferve the moon

and fee it completely, the ocular glafs mud be

at lead three inches diameter, to collect the

whole image which the objective glafs pro-

duces to its focus; and if we would obferve this

planet with a telefcope of 60 feet, the ocular

glafs mud be at lead fix inches diameter, be-

caufe the chord which the angle meafures

under which the moon appears to us, is, in

this cafe, nearly fix inches
;

therefore adro-

nomers never make ufe of telefcopes that in-

clude the whole difk of the moon, becaufe

they would magnify but very little. But if

we
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we would obferve the planet Venus with a te-

lefcope of 60 feet, as the angle under which it

appears to ns is only 60 féconds, the ocular

glafs can only have four lines diameter; and if

we make ufe of an objective of 120 feet, an

ocular glafs of eight lines diameter would fuf-

fice to unite the whole image which the ob-

jective forms toits focus.

Hence we fee, that if even the rays of light

were equally refrangible we could not make
fuch firing telefcopes to fee the moon with as

to fee the other planets, and that the fmaller a

planet appears to our fight the more we can aug-

ment the length of the telefcope, with which

we can fee it wholly. Hence it may be wr ell

conceived, that in this fuppofition of the rays,

equally refrangible, there muff be a certain

length more advantageoufly determined than

any other for each different planet, and that

this length of the telefcopes not only depends

on the angle under which the planet appears

to our fight, but alfo on the quantity of light

with which it is brightened.

In common telefcopes the rays of light being

differently refrangible, all that could be done in

this mode to perfectionate them would be of

very little advantage, becaufe, that under what-

soever angle the object, or planet, appears to

our
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our fight, and whatever intenfity of light it

may have, the rays will never collect in the

fame part
;

the longer the telefcope the more

interval it will have between the focus of the

red and violet rays, and confequently the more

confufed the image of the object obferved.

Refracting telefcopes, therefore, can only be

perfectionated by feeking for the means of cor-

recting this effedt of the different refrangibility,

either by compofing telefcopes of different

denfities, or by other particular means, which

would be different according to different ob-

jects and circumftances. Suppofe, for example,

a fhort telefcope, compofed of two glaffes, one

Convex and the other concave, it is certain

that this telefcope can reduce itfelf to another

whofe two glaffes would be pjain on one fide

and on the other bordering on fpheres, whofe

rays would be fhorter than that on the fpheres

on which the glaffes of the firft telefcopes have

been conftrudted. To avoid this, which con-

ftitutes a great part of the effedt of the dif-

ferent refrangibility of the rays, the fécond te-

lefcope may be made with one fingle piece of

mafîîve glafs, as I had it done with two pieces

of white glafs, one of two inches and an half

in length, and the other one inch and an

half, but then the lofs of tranfparency is a

greater



buffon’s232

greater inconvenience than the different refran-

gibility which it corredfs, for thefe two fmall

maffive telefcopes of glafs, are more obfcure

than a fmall common telefcope of the fame

glafs and dimenfions
;
they indeed give lefs iris,

but are not better, for in maffive glafs the light,

after having croffed this thicknefs of glafs,

would no longer have a fufficient force to take

in the image of the object to our eye. So to

make telefcopes 10 or 20 feet long I only find

water that has fufficient tranfparency to fuffer

the light to pafs through this great thicknefs.

By ufing, therefore, water to fill up the in-

tervals between the objective and the ocular

glafs, we fhould in part diminilli the effedl of

the different refrangibility, becaufe that water

approaches nearer to glafs than air, and if we

could, by loading the water with different faits,

give it the fame réfringent degree of power as

glafs, it is not to be doubted, that we fhould

correct ftill more, by this means, the different

refrangibility of the rays. A tranfparent liquor

fhould, therefore, be ufed, which would have

nearly the fame refrangible power as glafs, for

then it would be certain that thç two glaffes,

with their liquor between them, would in

part correct the effedt of the different refran-

gibility of the rays, in the fame mode as it

is
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is corre&ed in the fmall maflive telefcope

which I fpeak of.

According to the experiments of M. Bou-

guer, the thicknefs of a line of glafs deftroys f
of light, and confequently the diminution would

be made in the following proportion :

Thicknefs, 1, 2, 3, 4, 5, 6 times

Diminution, f tW iWt tVVôV tt'H'tV

So that by the fum of thefe fix terms we
fhould find, that the light which pafles through

fix lines of glafs would lofe that is,

about yt of hs quantity. But it mud be con-

fidered, that M. Bouguer makes ufe of glafies

which are but little tranfparent, fince he has

obferved, that the thicknefs of a line of thefe

glafies deftroys f of the light. By. the experi-

ments which I have made on .different kinds of

white glafs, it has appeared to me that the

light diminilhes much lels. Thefe experi-

ments are eafy to be made, and what all the

world may repeat.

In a dark chamber, whofe walls were black-

ened, and which I made ufe of for optical ex-

periments, I had a candle lighted of fixes to-

the pound, the room was very large, and the

candle the only light in it; I then tried at what

diftance I could read by this light, and found

that I read very eafily at 24 feet four inches

vol. x. H h from
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from the candle. Afterwards, having placed a

piece of glafs, about a line thick, before it, at

two inches diftance, 1 found that I ftill read

very plainly at 22 feet nine inches; and by

fubftituting to this glafs another piece of two

lines in thicknefs, and of the fame glafs, I read

at 21 feet diftance from the candle. Two of

the fame glaffes joined one to the other, and

placed before the candle, diminifhed the light

fo much that I could only read at iyf feet

diftance ; and at length, with three glaffes, I

could only read at 15 feet. Now the light of

a candle diminilhîng as the fquare of the dif-

tance augments, its diminution fhould have

been in the following progreflion, if glaffes

had not been interpofed: 2—24-j. 2—22|.

2—21. 2— 17I. 2—i5,or592i. 517^441-
3061 . 225. Therefore the lofs of the light,

by the interpofition of the glaffes, is in the

following progreftion: 84tVt* 151* 285^.

367ï*

From hence it may be concluded, that the

thicknefs of a line of this glafs diminifhes only

3-W of light, or about -f ;
that two lines dimi-

nifhes not quite J, and three glaffes of

two lines, f%% , i. e. lefs than f .

As this refult is very different from that of

M» Bouguer, and as I was cautious of fuf-

pecting
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pecting the truth of his experiments, I re-

peated mine with common glafs. For long

telefcopes water can alone be ufed
;
and it is

ftill to be feared that an inconveniency will

fubfift, from the opacity refulting from the

quantity of liquor whic fills the interval be-

tween the twoglafles.

The longer the telefcope the greater lofs of

light will enfue
;
fo that it appears at firft fight

that this mode cannot be ufed, efpecially for

long telefcopes ; for following what M. Bou-

guer fays in his Optical ElTay, on the gradation

of light, nine feet feven inches fea-water di~

miniflies the light in a relation of 14 to 5 ;

therefore thefe long telefcopes, filled with wa-

ter, cannot be ufed for obfervingthe fun, and

the ftars would not. have light enough to be

perceived acrofs a thicknefs of 20 or 30 feet of

intermediate liquor.

Neverthelefs, if we confider, that by allow-

ing only an inch, or an inch and an half, for

the bore of an objective of 30 feet, we ihall

very diflinctly perceive the planets in the com-

mon telefcopes of this length
;

* we may fup-

pofe, that by allowing a greater diameter to the

objective we fliould augment the quantity of

light in the ratio of the fquare of this diameter,

and, confequently, if an inch bore fuffices to

fee a ftar diflinctly, in a common telefcope,

H h 2 three
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three inches boj*e would be fufficient to fee it

diflinctly through a thicknefs of 10 feet water,

and that with a glafs of three inches diameter,

we fhould equally fee it through a thicknefs of

20 feet water, and foon. It appears, therefore,

that we might hope to meet with fuccefs in

conftructing a telefcope on thefe principles ;

for, by increafing the diameter of the objec-

tive, we partly regain the light loft by the de-

fect of the tranfparency of the liquor.

But it appears to me certain, that a telefcope

conftructed on this mode, would be very ufeful

to obferve the fun
;
for, by fuppofing it even the

length of 100 feet, the light of that luminary

would not be too ftrong after having traverfed

this thicknefs of water, and we fhould be ena-

bled to obferve its furface eafily, and at leifure,

without the need of making ufe of fmoked

glafles, or of receiving the image on pafteboard ;

an advantage we cannot pofiibly derive from

any other telefcope.

There would require only fome trifling dif-

ference in the conftruction of this folar tele-

fcope, if we wanted the whole face of the fun

prefented; for, fuppofing it the length of too

feet, in this cafe, the ocular glafs muft be ten

inches diameter
;
becaufe the fun, taking up

more than half a celeftial degree, the image

formed by the objective to its focus at 100 feet,

will
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will at leaf! have this length of ten inches; and

to unite it wholly, it will require an ocular

glafs of this breadth, to which only twenty

inches of focus fhould be given to render it as

ftrong as poffible. It is neceflary that the ob-

jective, as well as the ocular glafs, fhould be

ten inches diameter, in order that the image of

the fun, and the image of the bore of the tele-

fcope, fhould be of an equal fize with the

focus.

If this telefcope, which I propofe, fhould only

ferve to obferve the fun exactly, it would be of

great fervice : for example, it would be very

curious to be able to difcover whether there are

any luminous parts larger than others in the

fun
;
if there are inequalities on its furface, and

of what kind
;
if the fpots float on its furface ;

or whether they are fixed there, &c.* The
brightnefs of its light prevents us from obferv-

ing this luminary with the naked eye, and the

different refrangibility of its rays renders its

image confuted when received in the focus of

an objective glafs, or on pafteboard, fo that the

furface of the fun is lefs known to us, than that

of any of the planets. The different refran-

gibility of its rays would not be nearly cor-

rected in this long telefcope filled with water ;

but if the liquor could, by the addition of faits,

be
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be rendered as denfe as glafs, it would then be

the fame as if there was only one glafs to

pafs through
;
and it appears to me that infi-

nitely more advantage would refult from mak-

ing ufe of thefe telefcopes filled with water,

than from the common telefcopes with fmoked

glaffes.

Whether that would or would not be the

fa£t, this however is certain, that toobferve

the fun, a telefcope is required quite different

from thofe we make ufe of for the different

planets
;
and it is alfo certain, that a particular

telefcope is neceffary for each planet, propor-

tionate to their intenfity of light, that is, to the

real quantity of light with which they appear

to be enlightened. In all telefcopes the ob-

jectives are required as large, and the ocular

glafs as ftrong, as poflible, and, at the fame

time, the diftance of the focus proportionated

to the intenfity of the light of each planet.

To do this with thegreatefl advantage, it is re-

quifite to ufe only an objective glafs fo much

the larger, and a focus fo much the fhorter as

the planet has light. Why has there not hi-

therto obje&ive glaffes been made of 243 feet

diameter ? The aberration of the rays, occa-

fioned by the fphericity of the glaffes, is the

foie caufe of the confufion, which is as the

fquare
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fquare of the diameter of the tube; and it is for

this reafon that fpherical glades* with a fmall

bore, are of no value when enlarged
;
we have

more light, but lefs didin&ion and clearnefs.

Neverthelefs, broad fperical glades are very

good for night telefcopes. The Englifh have

conftruéted telefcopes of this nature, and they

make ufe of them very advantageoudy to fee

vedels at a great diftance in dark nights. But

at prefent, as we know how, in a great mea-

fure, to corre£l the effects of the different re-

frangibility of the rays, it feems, that we fhould

make elliptical or hyperbolical glades, which

would not produce the alteration caufed by fphe-

ricity, and which, confequently, would be three

or four times broader than fpherical glades.

There is only this mode of augmenting to our

fight the quantity of light fent to us from the

planets, for we cannot put an additional light

on them, as we do on obje&s we obferve with

the microfcope, but mud: at lead employ to

the greated podible advantage, the quantity of

light with which they are illumined, by receiv-

ing it on as great a furface as podible. This

hyperbolical telefcope, which would be com-

pofed only of one fingle large objective glafs,

$nd of an ocular one proportionate, would re-

quire matter of the greated tranfparency
;
and

we
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we fhould unite by this means all the advan-

tages poflible, that is, thofe of theacromatic to

that of the elliptical or hyperbolical telefcopes,

and we fhould profit of all the quantity of light

each planet reflects to our fight. I may be

deceived, but what I propofe appears to be

fufficiently founded to recommend its execu-

tion to perfons zealoufly attached to the ad-

vancement of the fciences-

Employing myfelf thus on thefe reveries,

fome of which may one day be realized, and

on which hope I publifh them, I thought of

the Alexandrian mirror, fpoken of by fome an-

cient authors, and by means of which veflels

were feen at a great diftance on the fea. The
moft pofitive paflage I met with is the fol-

lowing :

“ Alexandria .... in Pharo vero erat fpecu-

ic lum e ferro finico. Per quod a longe vide-

tl bantur naves Græcorum advenientes
;

fed

u paulo poflquam Iflamifmus invaluit, fcilicet

“ tempore caïifatus Walidfil : Abdi-l-melec,

“ Chriftiani, fraude adhibita illud deleverunt.

“ Abu-l-feda, &c. Uefcriptio Ægypti.”

Having dwelt for fome time thereon, I have

been led to conclude, i. That fuch a mirror

was poffible to be made. 2. That even with-

out a mirror or telefcope* we might by certain

difpofitions
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difpofitions obtain the fame effect, and fee vef-

fels from land, as far, perhaps, as the curvature

of the earth would permit. We have before

obferved that perfons whofe fight was very

good, have perceived objects illumined by the

fun, at more than 3400 times their diameter,

and at the fame time we have remarked, that

the intermediate light was of fuch great hurt to

that of diflant objects, that by night a luminous

object is perceived at ten, twenty, and perhaps

a hundred times greater diftance than during

the day. We know that at the bottom of very

deep pits, {tars may be feen in the day-time
;

why therefore, fhould we not fee veffels illu-

mined by the rays of the fun, by placing one’s

felf at the end of a very long dark gallery,

fituated on the fea fhore, in fuch a manner

as to receive no other light than that of the

diftant fea, and the veffels which might be

thereon ? This gallery would be only an hori-

zontal pit, which would have the fame effect

with refpect to (hips as the vertical pit has with

refpect to the ftars
;
and it appears to me fo

fiimple, that I am aftonifhed it has never before

been thought of and tried. It feerns to me,

that by taking the time of the day for our ob~

fervations when the fun fhould be behind the

VOL. x, I i gallery.
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gallery, we might fee them from thç dark end

of it ten times at leaft better than in the open

light. Now a man on horfeback is eafily dif-

tinguifhed at a mile diftance* when the rays of

the fun (hine on him, and by fuppreffmg the

intermediate light which furrounds us, and

darkening our fight, we fhould fee him at leaft

ten times farther
;

that is to fay, io miles.

Ships, therefore, being much larger, would be

feen as far as the curvature of the earth would

permit, without any other inftrument than the

naked eye.

But a concave mirror, of a great diameter,

and any focus, placed at the end of a long

black tube, would have nearly the fame effect

as our great objective glalfes of the fame dia-

meter and form would have during the night,

and it was probably one of thefe concave

mirrors of polifhed fteel that was eftablifhed

at the port of Alexandria. If this fteel mirror

did really exift we cannot refufe to the an-

cients the glory of the firft invention, for this

mirror can be only effected by as much as

the light reflected by its furface was collected

by another concave mirror placed at its focus,

and in this confifts the effence of the telefcope

and the merit of its conftruction. Never-

thelefs, this does not deprive Newton of any

glory.
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glory, who firft renewed the almoft-forgotten

invention. As the rays of light are by their

nature differently refrangible, he was inclined

to think there were no means of correding this

effed, or, if he had perceived thofe means, he

judged them fo difficult that he chofe rather to

turn his views another way, and produce, by

means of the refledion of the rays, the great

effeds which he could not obtain by their re-

fradion ;
he, therefore, conftruded his tele-

fcope, the refledion of which is infinitely fupe-

rior to thofe that were in common. The beft

telefcopes are always dark in comparison of the

acromatic, and this obfcurity does not proceed

only from the defed of thepolifh,or thev colour

of the metal of mirrors, but from the nature

even of light, the rays of which being different-

ly refrangible are alfo differently reflexible, al-

though in much lefs unequal degrees.

Itftill remains, therefore, to bring the tele-

fcope to perfedion, and to find the manner of

compenfating this different reflexibility, as we

have difcovered that of compenfating the dif-

ferent refrangibility.

After all, 1 imagine that it will be well per-

ceived that a very good day-glafs may be made,

without ufing either glafles or mirrors, and

Amply by fupprefling the furtounding light, by

I i 2 means
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means of a tube 150 or 250 feet long, and by

placing ourfelves in an obfcure place. The
brighter the day is, the greater will be the ef-

fect. I am perfuaded that we fhould be able

to fee at 15, and perhaps 20 miles diftance.

The only difference between this long tube and

the dark gallery, which I propofed, is, that the

field, or the fpace feen, would be fmaller, and

precifely in the ratio of the fquare of the bore

of the tube to that of the gallery.

QfiSER
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OBSERVATIONS AND EXPERIMENTS ON TREES

AND OTHER VEGETABLES.

THE phyfical ftudy of Vegetables is one of

thofe fciences which require a multiplicity of

obfervations and experiments beyond the ca-

pacity of one man, and muft confequently be a

work of time ;
even the obfervations are feldom

of much value till they have been repeatedly

made, and compared in different places and fea-

fons, and by different perfons of fimilar ideas.

It was in this view that M. Buffon united with

M. Du Hamel, to labour in concert for the

eclairciffement of a number of phenomena,

which appeared difficult to explain, in the ve-

getable kingdom, and froiii the knowledge of

which may refult an infinity of ufeful matters

in the practice of agriculture.

The froft is fometimes fo intenfe during

winter that it deftroys almoft all vegetables,

and the fcarcily in the year 1709 was a melan-

choly proof of its cruel effeéls. Seeds, and

fome kinds of trees, entirely perifhed, whiles

others,
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others, as olives, and almod all fruit-trees, fhar-

ed a milder fate, fhooting forth their leaves,

their roots not having been hurt
;
and many

large trees, which were more vigorous, fhot

forth every branch in fpring, and did not appear

to have differed any material injury. We {hall,

neverthelefs, remark on the real and irreparable

damage this winter occafioned them.

Frod, which can deprive us of the mod ne-

ceffary articles of life, dedroy many kinds of

ufeftil trees, and ' fcarcely ever leaves one in-

fenfible of its rigour, is certainly one of the

mod formidable misfortunes of human nature
;

therefore we have every reafon to dread from

întenfe frods, which might reduce us to the lad

extremities if their feverities wTere frequent
;

but fortunately we can quote only two or three

winters which have produced fo great and ge-

neral a calamity as that in 1709.

The greated fpring frods, although they

damage the grain, and principally barley,

when it is but jud eared, never occafion great

fcarcities. They do not affeCt the trunks or

branches of trees, but they totally dedroy their

productions, deprive us of the harved of the

vines and orchards, and by the fuppredion

of new buds caufe a confiderable damage. to

foreds.

Although
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Although there are fume examples of winter

frofts having reduced us to a fcarcity of bread,

and deprived us of vegetables, the damage which

fpring frofts occafion becomes ftill more, im-

portant, becaufe they afflict us more frequent,

and their effects are felt almoft every year.

To confider froft, even very fuperficially,

we mu ft perceive that the effects produced by

the fbarp frofts of winter are very different

from what are occafioned by thofe in fpring,

fince the one attacks the body and moft folid

part of trees, whereas the other {imply deftroys.

their productions, and oppofes their growth
;

at the fame time they aCt under quite different

circumftances
;
and it is not always the ground

in which the winter frofts produce the greateft

diforders, as that generally fuffers moft from

thofe in the fpring frofts.

It was from a great number of obfervations

that we have been able to make this diftinCtion

of the effeCts of frofts, and which we hope will

not be {imply curious, ,but prove of utility,,

and be profitable to agriculture, and that if

they do not wholly put us in a method of ef-

caping from the evils occafioned by froft, they

will afford a means to guard againft them.

We fhall, therefore, enter upon the detail,

beginning with that which regards the {harp

frofts
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frofts of winter v- of thefe, however, we can-

not reafon with fo great a certainty as on thofe

of fpring, becaufe, as we have already obferv-

ed, we are feldom fubje&ed to their tragical

effects.

Moll trees during winter being deprived of

blofloms, fruits, and leaves, have generally their

buds hardened in a ftate of
v
fupporting very

fharp frofts, unlefs the preceding fummer was

cool, in which cafe the buds not being arrived

to that degree of maturity, which gardeners call

cioutes *, they are not in a ftate of refilling the

moderate frofts of winter
;
but this feldom

happens, the buds commonly ripening before

winter, and the trees endure the rigour of that

feafon without being damaged, unlefs exceftive

cold weather enfues, joined to the circumftances

hereafter mentioned.

We have, neverthelefs, met with many tree^

in forefts with confiderable defeats, certainly

produced by the (harp frofts, and which will

never be effaced.

Thefe defefts are, ift, chaps or chinks,

which follow the direction of the fibres. 2. A
portion of dead wood included in the good ;

and laftly, the double fap, which is an entire

crown of imperfect wood. We muft dwell

a little

* Ripened or filled with Cap.
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a little on thefe défeds to trace the caufes from

whence they proceed.

The fappy parts of trees is, as is Well known,

a crown or circle of white aqd imperfe£t wood

of a greater or lefier thicknefs, and which in

almoft all trees is eafily diftinguifhed from the

found wood, called the heart, by the difference

of its colour and hardnefs
;

it is found imme-

diately under the bark, and furrounds the per-

fect wood, which in found trees is nearly of the

fame colour, from the circumference to the

centre. But in thofe we now fpeak of the per-

fe£t wood was feparated by another circle of

white wood,' infomuch* that on cutting the

trunks of them we faw alternatively circles of

fap and perfect wood, and afterwards a clump

of the .latter, which was more or lefs confider-

able, according to the different foils and fitua-

tions
;

in ftrong and foreft earth it is more

fcarce than In glades and light earth.

By the mere inflection of thefe cinctures of

white wood, which we in future (hall term

falfe fap ,
we could perceive it to be of bad qua-

lity, neverthelefs, to be certain thereof, we had

feveral planks fawed two feet in length, by

nine to ten inches fquare, and having the like

made from the true fap, we had both loaded in

the middle, and thofe of the falfe fap always

vol. x. K k broke
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broke under a lefs weight than thofe of the

true, though the ftrength of the true fap is

very trivial in comparifon with that of formed

wood.

We afterwards took feveral pieces of thefe

two kinds of fap, and weighed them both in the

air and water, by which we difcovered that the

fpecific weight of the natural fap was always

greater than that of the falfe. We then made

a like experiment with the wood of the centre

of the fame trees, to compare it with that of

the cincture which is found between thefe two

faps, and we difcovered that the difference was

nearly the fame as is naturally betwixt the

weight of the wood of the centre of all trees

and that of the circumference; thus all that is

become perfect wood in thefe defective trees i§

found nearly in the common order. But it is

not the fame with refpect to the falfe fap,fince,

as thefe experiments prove, it is weaker, fofter,

and lighter than the true fap, although formed

20, nay 25 years before, which we difcovered

to be the fact, by counting the annual circles, as

well of the fap as of the wood which covered

it
; and this obfervation, which we have re-

peated on a number of trees, inconteflibly

proves that thefe defects had beencaufed by the

hard froft of 1709, notwithftanding the num-

ber
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ber of fome of their coats were lefs than the

years which had paffed fince that period; and

at which we muft not be furprifed, not only

becaufe we can never, by the number of lig-

nous coats, find the age of trees within three or

four years, but alfo becaufe the firft lignous

coats, formed after that froft, were fo thin and

confined, that we cannot very exactly difti.n-

guifh them.

It is alfo certain, that it was the portion of

the trees that were in fap in the hard froft of

1709, which inftead of coming to perfection,

and converting itfelf into wood, became more

faulty. Befides, it is more natural to fuppofe,

that the fandy part muft fuffer more from fharp

frofts than found wood : becaufe it is not only

at the external part of the tree, and therefore

more expofed to the weather, but alfo becaufe

the fibres are more tender and delicate than the

wood. All this at firft appears to wear but

little difficulty, neverthelefs, the objection re-

lated in the hiftory of the Academy of Scu

ences, anno 1710, might be here adduced
;
as

by thofe objections it appears that in 1709, the

young trees much better endured the hard froft

than old. But as thefe facts are certain, there

muft be fome difference between the organic

parts, the veffels, the fibres, &c. of the fappy

K k 2 part
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part of the old trees and that of the young
;
they

perhaps will be more fupple, infomuch, that a

power which will be capable of caufing the one

to break, will only dilate the other.

But as thefe are matters with which the

mind remains but little fatisfied, we (hall pafs

(lightly over thefe conjectures, and content our-

felves with the particulars we have well ob~

ferved. That this fappy part fuffered greatly

from the froft is an inconteftible fact, but has

it been entirely diforganized ? This might

happen without the death of the tree enfuing,

provided the bark remained found
;
and even

vegetation might continue. Willows and limes

frequently fubfift only by their bark, and the

fame thing has been feen at the nurfery of

Roule on an orange tree. But we do not think

that the falfe fap is dead, becaufe it always ap-

peared to us in quite a different (late from the

fap found in trees, which had a portion of dead

wood included in the found
;
befides, if it had

been disorganized* as it extends over the whole

circumference, it would have interrupted the

lateral motion of the fap, and the wood of the

centre, not being able to vegetate, would have

alfo perifhcd and altered, which was not the

cafe, and which I could confirm by a number

of experiments
;
however, it is not eafily con-

ceived
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ceived how this fappy part of wood has been

changed fo far as not to become wood, and that

far from being dead, it was even in a ftate of

fupplying the lignous coats with fap, which are

formed from above in a ftate of perfection,

which may be compared to the wood of trees

that have fuffered no accident. This mu ft ne-

verthelefs have been done by the hard winter

which caufed an incurable malady to this part

of the tree, for if it was dead, as well as the

bark which cloathed it, it is not doubtful but

that the tree would have entirely perifhed,

wh^ph happened in 1709 to many trees whofe

bark was detached from them, and which by

the remaining fap in their trunk, fhot forth

their buds in fpring, but died through weak-

nefs before autumn, for want of receiving fuf-

ficient nutriment to fubfift on.

We have met with fome of thefe falfe fappy

part of trees which were thicker on one fide

than the other, and which furprifingly agrees

with the mod general ftate of the fap. We
have alfo feen others very thin, fo that appa-

rently there were only the outer coats injured*

Thefe were not all of the fame colour, had not

undergone an equal alteration, nor were equally

affeCted, which agrees with what we have be-

fore advanced. At length, we dug at the

foot
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foot of fome of thefe trees, to fee if the defeat

exifted alfo in the roots, but we found them

found : therefore, it is probable, that the earth

which Covered them had repaired the injury

done by the froft.

Here then we fee one of the moft dreadful

effects of winter frofts, which though locked up

within the tree, is not lefs to be feared, fmcç it

renders the trees attacked by them almoft ufe-

lefs; but, befides this, it is very difficult to meet

with trees totally exempt from thefe injuries ;

and indeed all whofe wood is not of a deeper

colour at the centre, growing fomewhat lifter

towards the fap, may be fufpedted of having

fome defedls, and ought not to be made ufe of

in any matter of confequence.

By horizontally fawing the bottom of trees,

we fometimes perceive a piece of dead fap or

dried bark, entirely covered by the live wood :

this dead fap occupies nearly half of the cir-

cumference in the parts of the trunk where it

is found : it is fometimes browner than good

wood, and at others almoft white. By the

depth alfo where this fap is found In the trunk,

it appears to have been occafioned by the (harp

froft in winter, by which a portion of the fap

and bark was perifhed, and afterwards covered

by the new wood
;
for this fap is almoft always

found
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found expofed to the fouth, where the fun

melting the ice, a humidity refults, which again

freezes foon after the fun difappears, and that

forms a true ice, which is well known to caufe

a confiderable prejudice to trees. This defeat

does not always appear throughout the whole

length of the trunk, for we have feen many

fquare pieces which feemed perfeétly exempt

from all defe&s, nor were the injuries of the

froft difcovered until they were flit into planks.

It is, neverthelefs, eafily to be conceived, how

fuch a diforder, in their internal parts, mud
diminifli their ftrength, and aflift their perifti-

ing.

In forefts, or woods, we meet with trees

which ftrong winter frofts have fplit according

to the dire£tion of their fibres, thefe are marked

with a ridge formed by the cicatrice that covers

the cracks, but which remain within the trees

without uniting again
;
becaufe a re-union is

never formed in the lignous fibres when they

have been divided or broken
;
nor can it be

doubted, but that the fap, which increafes in

volume when it freezes, as all liquors do, may
produce many of thefe cracks. But we alfo

fuppofe there are fome which are indepen ient

of the froft, and which have been occafioned

by a too great abundance of fap.

Be
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Be this as it may, the fa& is, we have found

fuch defe&s in all foils, and in all expofitions,

but mod frequently in wet ground in northern

and weftern expofitions
;
the latter may perhaps

proceed in cafes when the cold is more intenfe,

to fuch expofitions
;
and in the other, from the

trees which are in marfhy grounds, having the

tiffue of their lignous fibres weaker, and be-

caüfe their fap is more abundant and aqueous

than in dry land
; which may be the caufe that

the effe£t of the rarefa£Uon of liquors by the

pores is more perceptible, and more in a ftate

of diminifhing the lignous, fibres, as they bring

lefs refiftanCe thereto.

This reafoning feems to be confirmed by

another obfervation; namely, that refinous trees,

as the fir, are feldom injured by the {harp frofts

of winter, evidently from their fap being more

refinous ;
for we know that oils do not per-

fectly freeze, and that inftead of augmenting

in volume, like water, in frofty weather, they

diminilh when they congeal.

Dr. Hales fays in his Vegetable Statics, p. 16.

That the plants which tranfpire the lead, are

thofe which befl refill the winter; becaufe they

have need only of a fmall quantity of nu-

triment to preferve themfelves. He fays,

likewife in the fame part, that the plants,

which
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which preserve their leaves during winter, are

thofe which tranfpire the leaft
;

neVerthelefs,

we know that the orange tree, the myrtle, and

ftill more the jeflamine of Arabia, &c. are

very fenfible of froft, although thefe trees pre-

ferve their leaves during winter
; we muft,

therefore, have recourfe to another caufe to

explain why certain trees which do not filed

their leaves in winter, fo well fupport the

(harped: frofts.

We have fawed many trees attacked with this

malady, and have almoft always found, under

the prominent cicatrice, a depofit of fap or rotten

wood, and they are eafily diftinguifhed from

what are called in the foreft terms, finks or gut-

ters, becaufe the defeats which proceed from

an alteration of the lignous fibres, which is

internally produced, occafion no cicatrice to

change the external form of the trees, whereas

the chinks produced by frofts, which proceed

from a cleft afterwards covered by a cicatrice,

make a ridge or eminence in form of a cord*

which announces the internal defeat.

The {harp winter frofts produce, without

doubt, many other injuries to trees, and we
have remarked many defe&s, which we might

attribute to them with great probability
;

but,

as we have not been able to verify the fafl, we

vol. x. L 1 ihaU
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fhall pafs on to the effects of the advantages and

disadvantages of different expofitions with re-

fpe£t to froft
;
for this queftion is too interefting

not to endeavour its elucidation, especially as

various authors have Supported an oppofition

of Sentiment more capable of breeding doubts

than increafing our knowledge. Sbme have

inSifted that the froft is felt more ftrongly at the

northern expofition, while others affert it is

more fenfible to the South or weft, and all thefe

opinions are founded on a Single observation.

We nevertheless perceive what has caufed this

diverSity of opinions, and which has inclined us

to reconcile them. But, before we relate the

observations and experiments which have led

us thereto, it is but juft we fliould give a more

exa£l idea of the queftion.

It is not doubted but that the greateft cold

proceeds from the north, for that is in the

Shade of the Sun, which alone, in Sharp frofts,

tempers the rigour'of the cold
;

beSides a Situa-

tion to the north, is expofed to the north-eaft,

and north-weft winds, which are clearly the

moft intenfe, whether we judge by the effects

which thofe winds produce, or by the liquor of

the thermometers, whofe decifion is much more

certain. It may alfo be obferved along the

efpaliers, that the earth is often frozen and

hardened
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hardened all the day towards the north, while

it may be worked upon towards the fouth.

Moreover when a ftrong froft fucceeds in the

night, it is evident, that it muft be much colder

in the part where it is already formed, than in

that where the earth is warmed by the fun; this

is alfo the reafon why, even in hot countries,

we find fnow in the northern expofition, on

the back of lofty mountains : befides, the li-

quor of the thermometer is always lower at

the northern expofition, than in that of the

fouth
;

therefore, it is incoriteftible, lhat it is

colder there, and freezes ftronger.

It is therefore certain, that all the accidents ,

which folely depend on the power of the froft,

will be found more frequently at the northern

expofition than elfewhere. But yet it is not al-

ways the great power of the froft which injures

trees, for there are particular accidents, which

caufe a moderate froft to do them more preju-

dice than the much sharper, when they happen

in favourable circumftances. Of this we have

already given an example in fpeaking of that

part of dead wood included in the good, which

is produced by the hoar froft, and is found. moft

frequently in the expofttions to the fouth
;
and

it is alfo to be obferved, that great part of the

diforders produced in the winter of 1709, are

L 1 2 to
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to be attributed to a falfe thaw, which was

followed by a froft ftill fharper than what had

preceded ; but the obfervations we have made

on the effe£ts of fpring frofts fupply us with

many fimilar examples, which inconteftibly

prove it is not to the expofitions where it

freezes the ftrongeft, that the froft commits the

greateft injuries to Vegetables. Not- to dwell

ijpon aflertions we fhall proceed to a detail of

fa£ts, which fhall render thefe general pofitions

clear and apparent.

In the winter 1734 we caufed a coppice in

my wood, near Montbard in Burgundy, to be

cut, which meafured one hundred and fifty-four

feet, fituate in a dry place on a flat ground,

furrounded on all fides with cultivated land.

In this wood we left many fmall fquare pieces

without felling them, and in a manner that each

equally faced fouth, north, eaft and weft. Af-

ter having well cleared the part that was cut,

we obferved carefully in fpring the growth of

the young buds ;
the renewed tops on the 20th

of April, had fenfibly fhot out in the parts ex-

pofed to the fouth, and which confequently

were fheltered from the north by the tufted

tops : thefe were the firft buds that appeared,

and were the moft vigorous ; thofe expofed to

the eaft appeared next
;

then thofe of the

weft,
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weft, and laftly thofe of the northern expofi-

tion. On the 28th of April the froft was very

fharp in the morning, accompanied by a north

wind, the fky was clear, and the air very dry,

and in which manner it continued for three

days. At the end of which I went to fee in

what ftate the buds were about the clumps,

and found them abfolutely blackened in all the

parts expofed to the fouth and the {belter of the

north wind, whereas thofe which were expofed

to the cold north wind, which ftill blowed,

were only {lightly injured ; and with refpe£t to

the eaftern and weftern expofitions, they were

that day nearly alike injured.

The 14th, 15th, and 22d of May, it froze

pretty {harply, accompanied by the north and

north-weft winds, and I then likewife obferved

that all thofe fheltered from the wind were very

much injured, but that all expofed thereto had

fuffered but very little. This experiment ap-

peared decifive, and fhewed that although it

froze moft ftrong in parts expofed to the north

wind, yet the froft in that fituation did the leaft

injury to vegetables.

This circumftance is certainly oppofed to

common prejudice : but it is not lefs the fa£t,

and is even eafy tobe explained; forthispurpofe,

it is fufficient to pay attention to circumftances

in
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in which froft a£ls, and we lhall difcover that

humidity is the principal caufe of its effe&s, fo

that all which occafions humidity renders, at the

fame time, the froft dangerous to vegetables, and

all that diftipates humidity, even if it fhould be

done by increafmg the cold (for every thing

that dries diminishes the difafters of a froft)

applies towards their prefervation.

We have often remarked, that in low places,

where mifts and fogs reign, froft is felt more

fharply, and oftener than elfewhere. For in-

stance, in autumn and Spring we have feen de-

licate plants frozen in a kitchen-garden, in a

low fituation, whereas the like plants were pre-

ferved found in another kitchen-garden Situated

on an eminence. So, likewife, in vallies and

low forefts the wood is never of a beautiful

vein, nor of good quality, although the vallies

are often by much the beft foil. The coppice

wood is never good in low places, although it

fhoots forth there later than upon high places,

but which is occafioned by reafon of a frefh-

nefs always concentered therein. When I

walked at night in the wood I felt almoft as

much heat on eminences as in the open plains,

but in the vallies I experienced a Sharp and un-

comfortable cold. Though the trees Shoot out

the lateft in thofe parts, yet the fhoots are ftill

injured
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injured by the froft, which fpoiling the princi-

pal buds obliges the trees to (hoot forth lateral

branches, and thus prevents their ever becom-

ing ftraight and handfome trees* fit for fer-

vice. What we have juft advanced muft not

only be underftood of deep vallies, which

are fufceptible of thofe inconveniencies from

northern expofitions, or thofe inclofed on the

fouthern fide in the form of an alley, in which

it often freezes the whole year, but alfo of the

fmalleft vallies, fo that by a little cuftom we
can difcover the bad figure of the fhoots from

the inclination of the earth
;
this I particularly

obferved on the 28th of April, 1734; on that

day the buds of all the trees, from one year up

to fix or feven, were frozen in all the lower

places
;
whereas in the high and uncovered

places there were only the fhoots near the earth

which were fo
;
the earth was then very dry,

and the humidity of the air did not appear

to have greatly contributed to this injury.

Neither vines, nor the trees of the plain, arc

fubje£t to froft, which might lead us to fuppofe

they are lefs delicate than the oak
;
but we

think this muft be attributed to the humidity,

which is always greater in the woods than in

the reft of the plains, for we "have obferved

that oaks are often very much injured from

frofts
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frods in foreds, while thofe which are in the

plains are not hurt in the lead.

Large timbers, even on eminences, may
caufe the young trees near them to be in the

fame date as if at the bottom of a valley. We
have alfo remarked, that the young wood near

large trees is often more injured by the frod

than in thofe parts remote from them, as in the

midd of fuch woods, where a great number of

branches are left, it is felt with more force than

in thofe which are open. Now all thefe dis-

orders are mod confiderable in fuch places, for

as the wind and fun cannot diffipate the tran-

fpiration of the earth and plants, there remains

a confiderable humidity, which caufes a very

great prejudice to plants.

We have alfo remarked, that the frod is

never more to be dreaded, with refpe£t to the

vine flowers, buds of trees, &c. than when it

lucceeds mids, or even rain, however flight,

for they are all capable of enduring a very con-

fiderable degree of cold without being damag-

ed, when it has not rained for fome time, and

the earth is dry.

FroAs likewife a£t more powerfully in places

newly cultivated than in others, becaufe the

vapours, which continually rife from the earth,

tranfpire more freely and abundantly from that

which
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which is newly cultivated. To this reafon we
muft, however, fubjoin the fa£t, that plants,

newly fet, (hoot forth more vigoroufly than

others, which renders them more fenfible and

liable to the effefts of froft. So alfo in light

and fandy foil the froft does more injury than

in ftrong land, even though of equal drynefs,

becaufe more exhalations efcape from the firft

kind of earths than from the latter
;
and if a

vine newly dunged is moft fubjeû to the froft,

it arifes from the humidity which efcapes there-

from. A furrow of vine which lies along a

field of fainfoin, peas, &c. is often all deftroy-

ed by the froft, while the reft of the vine is

quite healthy, which muft certainly be attri-

buted to the tranfpiration of the fainfoin, or

other plants, which bring a humidity on thé

fhoots of the vine. In the vine alfo, the

branches which are ftrong and cut are always

lefs injured than the (lock
;

efpecially when

not attached to the props as they are then agir

tated by the wind which dries them.

The fame thing is remarked of timber, and

I have feen in copfes all the buds entirely de-

ftroyed by the froft, while the upper (hoots had

not received the lead damage
;
indeed it always

appeared that the froft did moft injury neareft

to the earth, commonly within one or two (eet,

VOL. x. Mm infomuch
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infomuch that it muft be very violent todeftroy

the buds higher than four.

All thefe obfervations, which may be looked

upon as very confiant, agree to prove that it

is not the (harpeft frofts which do the greateft

injury to plants, but that they are affected in

proportion as they are loaded with humidity,

which perfe&ly explains why the froft caufes

fo many diforders to the fouthern expofition,

although it fhould be lefs cold than that of the

north, and likewife why the froft caufes more

injury to the northern expofition, when after

a rain proceeding from a wefterly wind the

wind veers to the north towards fun-fet, as

often happens in fpring, or when, by aneafter-

ly wind, a cold moift air arifes before fun-rife,

which is not fo common.

There are likewife circumftances where the

froft does moft injury to the eaftern expofition;

but as we have many obfervations on that fub-

je& we fhali firft relate thofe we made in the

fpring froft in 1736, which occafioned fo much
damage. It having been very dry the preceding

winter it froze for a long time before it injured

the vines
;
but it was not fo in the forefts,

where there was apparently more humidity.

In Burgundy it was the fame as in the foreft

of Orleans, the underwood was injured very

early.
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early. At laft the froft fo greatly increafed

that all the vines were deftroyed, notwith-

ftanding the drynefs (till continued; but inftead

of this froft doing much damage under the

ftielter of the wind, thofe parts which were

fheltered were the ' only ones preferved, in-

fomuch, that in many clofes furrounded by

walls the flocks along the fouthern expofition

were very green, while all the reft remained

dry
;
and in two quarters the vines were faved,

the one by being fheltered from the north by

a nurfery of afh-trees, and the other becaufe

the vineyard was flocked with a number of

fruit-trees.

But this effe£t is very rare, and is fuppofed

only to have happened from the feafon being

dry, and becaufe the vines had refifted the wea-

ther till the plants had became fo ftrong, from

the time of the year, that the froft could not

injure them, independent of the external hu-

midity, and other particular circumftanees.

But there are other caufes to be affigned for

the diforders which froft produces more fre-

quently to the eaft than to the weft, and which

are drawn from the following obfervations :

A fharp froft caufes no prejudice to plants

when it goes off before the fun comes upon

them : let it freeze at night, if the morning is

Mm2 - cloudy,
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cloudy, or a flight rain falls, or, in one word,

if by any caufe whatever the ice melts gently,

and independent of the adtion of the fun, it

feldom does any injury
;
and we have very often

faved very delicate plants, which had by chance

remained expofed to the frofts, by returning

them into the green-houfe before fun-rife, or

fimply covering them before the fun had flione

upon them.

One time in particular a very fharp froft:

happened in autumn while our orange-trees

were out of the green-houfe, and as it rained

part of the night they were all covered with

icicles : but this accident was prevented from

doing any injury by covering them with cloths

before the fun rofe, fo that there was only the

young fruit and the moft tender fhoots injured,

and we are perfuaded they would all have been

faved if the covering had been thicker.

Another time our geraniums, and many other

plants which cannot bear the froft, were out,

when fuddenly the wind, which was fouth-

weft, veered to the north, and became fo cold

that the rain-water, which fell abundantly, was

frozen, and in almoft a moment all that v/ere

expofed to the air were covered with ice, upon

which we had fcarcely an idea but that all our

plants were irrecoverably deftroyed
\
never-

thelefs
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tlielefs we had them carried to the furthermoft

part of the green- houfe, fhut up the windows,

and by that means they fuftained but little

damage.

This kind of precaution is always obferved

with regard to animals
;
when they are ftricken

with cold, or have a limb frozen, great care

is taken not to expofethem haftily to heat, but

they are rubbed with fnow, dipped in water,

or buried in dung; in one word, the greateft

attention is paid that they fhall gradually be

brought to warmth. It is almoft certain, with

refpe£t to fruit which may be frozen, that if

thawed with precipitation it invariably pe-

rifhes, whereas it fuffers but little if thawed

gradually, and by degrees.

To give an explanation how the fun pro-

duces fo many diforders on frozen plants, fome

have imagined that the ice, by melting, is re-

duced into fmall fpherical drops of water,

which form fo many fmall burning mirrors

when the fun fhines thereon. But however

fmali the form of a mirror may be, it can

only produce heat at a diftance, and can have

no effeâ: on a body it touches
;

befides, the

fide of the drop of water which is on the leaf

of a plant is flat-, which removes its focus to a

greater diftance. In fhort, if thefe drops of

water
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water could produce this effeCt why fhould not

the dew-drops, which are alfo fpherical, pro-

duce the fame ? perhaps, it may be thought that

the moft fpirituous and volatile parts of the fap

melting the firft, they evaporate before the reft

are in a (late of moving in the veffels of the

plant, which might decompofe the fap.

But in general it may be faid, the frofl in-

ereafing the volume of the liquor, bends the

veffels of plants, and that the thaw cannot be

performed without the parts which compofe

the frozen fluid enter into motion. This

change may be made with fufficient gentlenefs

not to break the moft delicate veffels of plants,

w hich will by degrees return to their natural

tone, and then the plants will not fuffer any

injury
;
but, if it is done with precipitation,

thefe veffels will not be able to retake their na-

tural tone fo foon after having fuffered a vio-

lent extenfion, the liquors will evaporate and

the plant remain dry.

Although we might conclude with thefe

conjectures, with which fome are not perfectly

fatisfiçd, yet we may be affured that it always

remains confiant.

1. That it feldom happens with regard to

fruit, either in fpring or winter, that the plants

are injured Amply by the force of the froft and

independent
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independent of any particular circumft&nces,

and when it does it is at the northern exposition

that plants meet with the greateft injury.

2. In frofty weather, which lafts Several days*

the heat of the fun melts the ice in feme places

for a few hours ;
for it often freezes again be-

fore fun-fet, which forms an ice very preju-

dicial to plants, and it is obfervable that the

Southern expofition is more Subject to this in-

convenience than all the reft.

3. It has been obferved, that Spring frofts

principally diforder thofe places where there is

humidity, the foils which tranfpire much, and

bottoms of vailles, in general all places which

cannot be dried by the wind and fun are there-

fore the moft injured.

In Short, if, in Spring, the fun which fhines

on frozen plants occafions a more confiderable

damage to them, it is clear that it will be the

eâftern expofition, and thofe next the fouth

which will Suffer moft.

But it may be faid, if this is the cafe, we
muft no longer plant to the fouthern expofition

in a^dos (which are Hopes, or borders of earth,

thrown up in kitchen gardens or along efpa~

liers) gilliflowers, cabbages, winter lettuces,

green peas, and fuch other delicate plants as

we wrould have {land the winter, and preferve

for
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for an early crop in fpring
;
and that it is to the

northern expofition alone we mull for the fu-

ture plant peach and other delicate trees. It

is proper to deftroy thefe objections, and Ihew

that they are falfe confequences of what we
have advanced.

Different objects are propofed when we fet

plants to live over the winter infhelters expofed

to the fouth, and fometimes it is to expedite

vegetation: it is, for example, in this intention,

that along efpaliers we plant ranges of lettuces,

which for that reafon are termed winter lettuces
;

thefe will tolerably well refifl the froft in what-

ever part we plant them, but are always moft

forward in this expofition
;

at other times, it

is to preferve them from the rigour of this

feafon, with an intention of replanting them

early in the fpring. This practice is alfo fol-

lowed by winter cabbages, which are fown in

this feafon along an efpalier border. Thefe

kind of cabbages, like brocoli, are tender and

cannot endure the froft, and would often perifh

in thefe fhelters, if care Was not taken to cover

them during the fharp frofts with ftraw or dung

fupported on frames.

To forward the vegetation of fome plants

which will not bear the froft, as green peas, &c.

it is ufual for that purpofe to plant them on

borders
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they are defended from fharp frofts when the

weather requires it.

> 1 1 is well known, without dwelling any longer

on this point, that the fouthern expofition is

more proper than all the reft to accelerate ve-

getation, and we have fhewn that this is alfo

what is principally propofed when fome plants

are fet in that expofition to live over the win-

ter, fince, in addition, we are alfo obliged to

make ufe of coverings to guard thofe plants

which are very delicate from the froft. But we

muft add, that if there are fome circumftances

wherein the froft caufes more diforders to the

fouthern than to other expofitions, there are

alfo many cafes which are favourable to this

expofition : for example, in winter, when there

is any thing to fear from the ice, it frequently

happens that the heat of the fun, increafed by

the reflexion of the wall, has fufficient force to

diffipate all the humidity, and then the plants

are almoft perfeâly fecure againft the cold.

Befides, dry frofts often happen, which uncea-

fingly a£t towards the north, and which are

fcarcely ever felt towards the fouth. In fpring,

likewife, we perceive that after a rain which

proceeds from the fouth-weft, or fouth-eaft, if

the wind changes to the north, the fouthern

VOL. x. N n efpalier
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éfpalier being under the fhelter of the wind,

will fuffer more than the reft
;
but thefe cafes

are very rare, and moft often it is from rains,

which come from the north-eaft or north-weft

that the wind changes to the north, and then

the fouthern efpalier having been under fhelter

from the rain by the wall, the plants there will

have lefs to fuffer than the reft, but alfo be-

caufe it is always lefs cold there than in other

expofitions. It is likewife to be obferved that

as the fun dries much earth along the efpaliers

which are to the fouth, the earth tranfpires there

lefs than elfewhere.

It is well known that what we have juft ad-

vanced muft have its application with refpefl:

to peach and apricot trees, which it is cufto-

mary to put in this expofition and in that of

the eaft. We fhall only add, that it is not un-

cuftomary to fee peach trees frozen in the eaft

and fouthern expofitions, while thofe are not

fo which ftand in the weft or north ;
but not-

withftanding this, we can never rely on having

many, nor good peaches in this laft expofition,

for great quantities of blolfom fall off entirely

without fetting
;

others, after having fet fall

from the trees, and thofe which remain with

difficulty arrive to maturity. I have an efpalier

of
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of peach-trees in a weftern expofition, a little

declining to the north, which fcarcely ever

produce any fruit, although the trees are hand-

fomerthan thofe to the fouthern and northern.

Therefore we cannot avoid the inconvenien-

cies with refpeél of the froft in the fouthern

expofition without feeling others that are

worfe.

All delicate trees, as fig, laurel, &c. muft be

fet to the fouth, and great care taken to cover

them ;
it is only requifite to remark that dry

dung is preferable for this purpofe to ftraw,

becaufe the latter not only does not fo exactly

cover them, but alfo from its always retaining

feme grain which attraâs moles and rats, who
fometimes eats the bark of trees to quench their

third in frofty weather, when they can meet

with no water to drink, nor herb to feed upon
;

and however Angular this may appear, it is a

circumftance which has happened to us feveral

times
;
but when dung is made ufe of it muft

be dry, without which it will heat and make

the young branches grow mouldy.

All thefe precautions are, neverthelefs, very in-

ferior to the efpaliers in niches, as in that man-

ner plants are (heltered from all winds, except,

the fouth, which cannot hurt them
; the fun,

which warms thefe places during the day, pre-

vents the cold from being fo violent during

N i) 2 the
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the night
;
and over thefe defended places we

may put a flight covering with great facility,

which will hold the plants there in a ftate of dry ~

nefs, infinitely proper to prevent all the acci-

dents which the fpring frofts and ice might pro-

duce
;
and raoft plants will not fuffer from being

deprived of their external humidity,* becaufe

they fcarcely tranfpire in the winter, or in the

beginning of fpring, fo that the humidity of the

air is fufficient for their fupply.

But fince the dew renders plants fo fufcep-

tible of the fpring froft, might we not hope,

that from the refearches of Meflrs. Mufchen-

brock and Fay/ fome plan might be drawn to

prevent the bad effeâs thereof? for fince there

are fome bodies which feem to attrafl: dew,

while others evidently repel it, if we could

paint, plafter, or wafh the walls with fome

matter which would have the latter effeét, it is

certain we fhould have room to expe£l a more

fortunate fuccefs than from the precaution

taken to place a plank in form of a roof over

the efpaliers, which Cannot prevent the abun-

dance of dew from refting on trees, fince Fay

has proved that it very often does not fall per-

pendicularly like rain, but floats in the air, and

attaches itfelf to thofe bodies it encounters
;

fo that frequently as much dew is amafled

under a roof as in places entirely open. It

would
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would be eafy for us to revife all our obferva-

tiôns, and continue to deduce ufeful confe-

quences, but what we have faid mull be fuffi-

cient to (hew the neceffity for rooting up all

trees which prevent the wind from diffipating

mills.

Since by cultivating the earth we caufe more

exhalations to iffue, great attention fhould be

paid not to cultivate them in critical times.

We rrtuft exprefsly declare againft fowing

kitchen-plants on vine-furrows, as by their

tranfpiration they hurt the vine.

Props fhould be put to the vines as late as

poflible. The hedges, which border them on

the north fide, fhould be kept lower than the *

reft. It is preferable to improve vines with

mould rather than dung. And in choofing a

foil we fhould avoid thofe which are in bot-

toms and grounds which tranfpire much.

A part of thefe precautions may be alfo

ufefully employed for fruit-trees; withrefpeél,

for example, to plants which gardeners are

forward to put at the feet of their bufhes and

along their efpaliers.

If there are fome parts high and others low

in a garden, we fliould pay attention to fow

fpring and delicate plants on elevated parts, at

leaft if we do not defign to cover them with

glaffes, &c. but in, cafes where humidity can-

not
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not hurt them it might be often advantageous to

choofe low places, where they might be fhel-

tered from the north and north-weft winds.

We may alfo profit from what has been faid

to the advantage of forefts, for if we mean to

make a referve of any of the trees it fhould

never be in parts where the froft is fevere
;
and

in planting we fhould pay attention to put in

vallies thofe trees which can endure the froft

better than oak.

When any confiderable fall of timber is

made we fhould make them in roads, beginning

always on the north fide, in order that the wind,

which generally blows in frofty weather, may

diftipate that humidity which is fo prejudicial

to the underwood.

There might be alfo many other ufeful con-

ferences drawn from our obfervations ; but

we {hall content ourfelves with having re-

counted fome, becaufe the'ingenious man may

fupply what we have omitted by paying a little

attention to the obfervations we have mention-

ed. We are well convinced there are a great

number of further experiments to be made on

this matter
;

and perhaps even thofe we have

related will engage fome perfons to work on

the .fame fubjeft, and from our hints fome ge-

neral and ufeful advantages may be derived.

ON
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ON THE TEMPERATURE OF THE PLANETS.

THE human race can only judge of the na-

ture and extent of the univerfe by the fimple

organ of fight. To that the earth is a folid

body, whofe volume is unbounded, and whofe

extent is without limits, of which men can

only furvey fmall fuperficial fpaces. The fun

and planets feem to be luminous points, of

which the fun and moon appear to be the only

objects worthy regard in the immenfity of the

heavens. To this falfe idea on the extent of

the nature and proportions of the univerfe Is

joined the ftill more difproportionate fentiment

of fuperiority. Man, by comparing himfelf

with other terreftrial beings, feels that he ranks

the firft, and hence he prefumes that all was

made for him
;
that the earth was created only

to ferve for his habitation, and the heavens for

a fpe£tacle
;

that in fhort the whole univerfe

ought to yield to his neceffities, and even his

pleafures. But in proportion as he makes ufe

of that divine light, which alone enobles his
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being; in proportion as he obtains inftru&ion,

he is forced to abate his pretenfions
; he finds

himfelf leflened in proportion as the univerfe

increafes on his ideas, and it becomes demon-

ftrable to him, that the earth, which forms all

his domain, and on which unfortunately he

cannot fubfift without trouble and forrow, is as

fmall with refpe£t to the univerfe, as he is with

refpeét to the Creator. In fhort, from ftudy

and application, he finds there does not remain

a poflible doubt, that this earth, large and ex-

tenfive as it may feem to them, is but a mo-

derate fized planet, a fmall mafs of matter,

which, with others, has a regular courfe around

the fun : for as it appears our globe is at the

diftance of at lead 33 millions of leagues, and

the planet Saturn at 313 millions, the natural

conclufion is, that the extent of the fun’s em-

pire is a fphere,whofe diameter is 627 millions

of leagues, that the earth, relative to this fpace,

is not more than a grain of fand to the volume

of the globe.

However, the planet Saturn, although the

fartheft from the fun, is not near' the confines

of his empire : his limits extend much farther,

fince comets pafs over fpaces beyond that dis-

tance, as may be eftimated by the period of

the time of their revolutions : a comet which

like
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like that of the year 1680 circulates round the

fun in 575 years muft be 15 times more remote

from him than Saturn
;

for the great axis of

its orbit is 138 times greater than the diftance

from the earth to the fun. Hence we muft ftill

augment the extent of the folar power 15 times

the diftance from the fun to Saturn, fo that all

the fpace in which the planets are included is

only a fmall province of his domain, whofe

bounds fhould be placed at leaft 138 times his

diftance from the earth.

What immenfity of fpace ! What quantity of

matter! For independent of the planets, there is

a probability of the exiftence of 400 or 500 co-

mets, perhaps larger than the earth, which run

over the different regions of this vaft fphere in

all directions, the terreftrial globe only confti-

tuting a part thereof, a unity on 272,000, a

quantity reprefented by numbers, which ima-

gination cannot attain nor comprehend.

Neverthelefs, this enormous extent, this vaft

fphere, is yet only a very lmall fpace in the im-

menfity of the heavens
;
each fixed ftar is a fun,

a center of a fphere equally as extenfive
;
and

as we reckon more than 2000 of thefe fixed

ftars perceived by the naked eye, and as with

telefcopes we can difcover fo much the greater

number as thefe inftruments are more powerful ;

Vol. x. O o the



202 buffon’s

the extent of the univerfe appears to be with-

out bounds, and the folar fyftem forms only a

province of the univerfal empire of the Crea-

tor
;
an infinite empire like himfelf.

Sirius, the moft brill iant fixed ftar, and which

for that reafon may be regarded as the neareft

fun to our’s, affords to our fight only a fécond

of annual parallax on the whole diameter of the

earth's orbit, and is therefore at the diftance of

6,767,216 millions of leagues from the limits

of the folar fyftem, fuch as we have afligned

after the depth to which comets immerfe. Sup-

pofing then, there is an equal fpace from Sirius

to that which belongs to our fun, we fhall per-

ceive that we muft extend the limits of our

folar fyftem 742 times more than it is at pre-

fent, as far as the aphelion of the comet, whofe

enormous diftance from the fun is neverthelefs

only a unit on 742 of the total diameter of the

folar fyftem *

Diftance from the earth to the Sun

Diftaiice from Saturn to the Sun

Leagues.

33,000,000

313 ,000,000

Diftance from the aphelion of the Comet to

the Sun - 4554,000,000

677,170,000,000Diftance from Sirius, to the Sun

Diftance of Sirius to the point of the aphe-

lion of the Comet, fuppofing that in af-

cending from the fun the comet point-

ed directly towards Syrius (a fuppofition

which
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which diminilhes the diftance as much as

poflible) - - 6,767,216,000,000

One half the diftance from Sirius to the

Sun, or the depth of the folar and fircin

fyftem - 3,385,885,000,000

Extent beyond the limits of the comet's

aphelion - - 3,381,331,000,000

Which being divided by the diftance of the

comet’s aphelion, gives about - 742 \

We can form another idea of our immenfe

diftance from Sirius, by recollefting that the

fun’s difk forms to our fight an angle of 32 mi-

nutes, whereas that of Sirius forms only that of

a fécond
;
and Sirius being a fun like ours,

which we fhall fuppofe of equal magnitude,

fince there is no reafon to conceive it larger or

fmaller, it would appear to us as large as the

fun, if it was but a like diftance. Taking

therefore two numbers proportional to the

fquare of 32 minutes, and to the fquare of a

fécond, we fhall have 3,686,400 for the dif-

tance of the earth to Sirius, and one for its

diftance to the fun
;

and as this unit is equal

to 33 millions of leagues, we fee how many

millions of leagues Sirius is diftant from us,

fince we muft multiply thefe 33 millions by

3,686,400 ;
and if we divide the fpace between

thefe two neighbouring funs, although at fo

great a diftance, we fhall fee that the comets

might be removed to a diftance 1 .,800,000 times

O o 2 greater
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greater than that of the earth to the fun with-

out quitting the limits of the folar univerfe,

and without being fubjeâed to other laws than

that of our fun, and hence it may be concluded

that the folar fyftem for its diameter has an
extent, which, although prodigious, never-

thelefs forms only a very fmall portion of the

heavens
;
and we mrft infer a truth therefrom

but little known, namely, that from the fun,

the earth, and all the other planets, the fky

mud appear the fame.

When in a ferene and clear night we con-

template all thofe ftars with which the celeftial

vault is illuminated, it might be imagined that

by being conveyed into another planet more re-

mote from the fun, we fttould fee thefe glitter-

ing ftars larger, and emitting a brighter light,

fince we fttould be fo much nearer to them.

Neverthelefs, the calculation we have juft

made demonftrates that if we were placed in

Saturn, which is 300 millions of leagues nearer

Sirius, it would appear only an 124,021ft

part bigger, an augmentation abfolutely infen-

ftble
; from which it muft be concluded, that

the heaven, with refpeft to all the planets, has

the fame afpedtas it has to the earth. There-

fore if even there fhotild exift comets whofe

periods of revolution might be double, or

treble
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treble the period of 575 years, the longed

known to us
;

if even the comets in confe-

quence thereof, immerfe at a depth ten times

greater, there would dill be a fpace 74 or 75

times deeper to reach the lad confines, as well

of the folar fydem, as of the fyrian
;

fo that

by allowing Sirius as much magnitude as our

fun has, and fuppofing in his fydem as many
or more cometary bodies than there are comets

exiding in the folar, Sirius will govern them

as the fun governs his, and there will remain

an immenfe interval betweeh the confines of

the two empires; an interval which appears

to be no more than a defart in the vad fpace,

and which mud give a fufpicion that cometary

bodies do exid, whofe periods are longer, and

which are to a much greater didance than vre

can determine by our a£tual knowledge. Sirius

may alfo be a fun much larger and more

powerful than ours
;
and if that is the cafe, it

mud throw the borders of his domain fo much

the farther back by approaching them to us,

and at the fame time retrench the circumfe-

rence of the fun.

I cannot avoid prefuming, that in this great

number of fixed dars, which are all fo many
funs, there are fome greater and others fmaller

than ours; others more or lefs luminous, fome

nearer
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nearer, which are reprefented to us by thofe

ftars called by aftronomers
>
Jlars cfthe firjl mag-

nitude^ and many others more remote, which

for that reafon appear to us fmaller. The ftars

called nebulousTeem to wTant light and fire, and

to be only half lighted; thofe which appear

and disappear alternatively have, perhaps, a

form flattened by the violence of the centrifu-

gal force in their motion of rotation, and are

perceivable only when they are in the full, dif-

appearing when they are fideways. In this

grand order of things, and in the nature of the

ftars, there are the fame varieties, and the fame

differences, in number, fize, fpace, motion,

form, and duration ;
the fame relation, the

fame degrees, and the fame connection, as are

found in all the other orders of the creation.

Each of the funs being endowed like ours,

and like all matter, with an attraâive power,

which extends to an indefinite diftance, and

decreafes as the fpace increafes, analogy leads

us to imagine that within each of their fpheres

there exifts a great number of opaque bodies,

planets, or comets, which circulate round them,

but which being much fmaller than the, funs

which ferve them for heat, they are beyond the

reach of our fight.

It
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It might be imagined that comets pafs from

one fyftem to the other, and that being on the

confines of the two empires they would be

attracted by the preponderating power, and

forced to obey the laws of a new m after. But,

by the immenfity of fpace which is beyond the

aphelion of our comets, it appears that the

Sovereign Ruler has feparated each fyftem by

immenfe defarts, and a thoufand times larger

than all the extent of known fpaces. Thefe de-

farts, which numbers cannot fathom the depth

of, are external and invincible barriers, that all

the powers of created nature cannot furmount.

To form a communication from one fyftem to

the other, and for the fubjecfts of one to pafs

into the other, it would be requifite that the

centre was not immoveable, for the fun, the

head of the fyftem, changing place, would

draw with it in its courfe all the bodies which

depend thereon, and hence might approach and

invade another demefne. If its rout was di-

rected towards a weaker ftar, it would com-

mence by carrying off the fubjects of its moft

diftant provinces, afterwards thofe more inte-

rior, and would oblige them all to increafe its

train by revolving round it
;
and its neighbour

thus deprived of its fubjects, no longer having

planets nor comets, would lofe both its light

and
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and fire, which their motion alone can excite

and fupport
; hence this detached ftar, being

no longer maintained in its place by the equili-

brium of its forces, would be obliged to change

nutrition, by changing nature, and becoming

an obfcure body, would, like the reft, obey the

power of the conqueror, whofe fire would in-

creafe in proportion to the number of its con-

quefts.

For what can be faid on the nature of the

fun but that it is a body of prodigious volume,

an enormous mafs of matter penetrated by fire,

which appears like a metal or a folid body in

incandefcence ? And from whence can this con-

fiant ftate of incandefcence, this continually

renewed production of fire proceed, whofe

confummation does not appear to be fupported

by any aliment, and whofe deperdition is at

leaft infenfible, although confiant for fuch a

great number of years ? Is there, or can there

be, any other caufe of the production of this

permanent fire, but the rapid motion from the

ilrong preffure of all bodies, which revolve

round this common heat, and which heats and

embraces it, like a wheel rapidly turned round

its axis ? The preffure, which they exercife by

virtue of their weight is equivalent to the

friction, and even more powerful, becaufe this

preffure
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preffure is a penetrating power, which not only

rubs the external furface but all the internal

parts of the mafs : the rapidity of their motion

is fo great that the friction acquires a force

almoft infinite, and confequently fets the whole

mafs of the axis in a ftate of incandefcence,

light, heat, and fire, which from hence has no

need of aliment to be fupported, and which,

in fpite of the deperdition each day made by

the emiffion of light, may remain for ever

without any fenfible alteration, other funs

rendering as much light to ours as it fends to

them, and no part of the fmallefl atom of fire,

or any other matter, being loft in a fyftem

where all is attracted.

If from this fketeh of the great table of the

heavens, which I have only attempted to re-

prefen t to myfelf the proportion of the fpaces,

and that of the motion of bodies which travel

over them
;
if from this point of view, to which

I only raifed myfelf to fee how greatly nature

muft be multiplied in the different regions

of the univerfe, we defcend to that proportion

of fpace which we are better acquainted

with, and in which the fun exercifes its power,

we fhall difcover, that although it governs all

bodies therein, it, neverthelefs, has not the

vol* x. P p power
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power of vivifying them, nor even that of

fupporting life and vegetation.

Mercury, which is the neareft to the fun,

neverihelefs receives only a heat 400 times

flronger than that of the earth, and this heat,

fo far from being burning, as it has always

been fuppofed, would not be ftrong enough of

itfelf to fupport animated nature, for the adual

heat of the fun on the earth being only -^0 part

of the heat of the terreftrial globe, that of the

fun on Mercury confequently is only ~ part of

the adual heat of the earth. Now if | parts

were fubtraded from the heat which is at pre-

fent the temperature of the earth, it is certain

animated nature would be checked, if not en-

tirely extinguifhed. Since the fun alone can-

not maintain organized nature in the neareft

planet, how much more aid muft it require to

animate thofe at a greater diftance ? To Venus

it only fends a heat TV times ftronger than that

it fends to the earth, which inftead of being

ftrong enough to fupport animated nature,

would not certainly fuffice to maintain the li-

quidity of water, nor perhaps even the fluidity

of air, fince our adual temperature would be

refrigerated to which is very near the term

2-y we have given as the external limit of the

flighted
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flighted heat, relative to living nature. And

with refped to Mars, Jupiter, Saturn, and all

their fatellites, the quantity of heat which the

fun fends to them, in comparifon with that

which is neceffary for the fupport of nature,

which may be looked upon as of little effect,

efpecially in the two larger planets, which, ne-

ver thelefs, appear to be the eflential objeds of

the folar fyftem.

All the planets, therefore, have always been

‘volumes (as large as ufelefs) of matter more

than dead, profoundly frozen, and confequent-

ly places uninhabited and uninhabitable for

ever if they do not include within themfelves

treafures of heat much fuperior to what they

receive from the fun. The heat which our

globe poffeffes of itfelf, and which is 50 times

greater than that which comes to it from the

fun, is, in fail, the treafure of nature, the true

fund which animates us as well as every being :

it is this internal heat of the earth which caules

all things to germinate and to develope
;

it

is that which conftitutes the element of fire,

properly called an element, which alone gives

motion to other elements, and which if it was

reduced to — could not conquer their refill-

ance, but would itfelf fall into an inertia. Now
this element, this foie adive power, which

P p 2 may
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may render the air fluid, the water liquid, and

the earth penetrable, might it not have been

given to the terreftrial globe alone ? Does ana-

logy permit us to doubt that the other planets

do not likewife contain a quantity of heat,

which belongs to them alone, and which muft

render them capable of receiving and fupport-

ing living nature? Is it not greater and more

worthy the ideawe ought tohave of the Creator,

to fuppofe that there every where exifts beings

who acknowledge his power and celebrate his'

glory, than to depopulate all the univerfe, ex-

cepting the earth, and to defpoil it of all beings,

by reducing it to a profound folitude, in which

we fhould only find a defart fpace, and fright-

ful mafles of inanimate matter.

Since the heat of the fun is fo fmall on the

earth, and other planets, it is neceflary they

fhould poffefs an heat belonging folely to them-

felves, and our enquiry mull be to fee from

whence this heat proceeds which alone can

conflitute in them this element of fire. Now
where fhall we be able to difcover this great

quantity of heat if it is not in the fource itfelf,

in the fun alone? for the matter of which the

planets have been formed and projected by a

like impulfion will have preferved their mo-

tion in the fame dire&ion, and their heat in

proportion
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proportion to their magnitude and denfity.

Whoever weighs thefe analogies, and con-

ceives the power of their relations, will not

doubt that the planets have iffued from the fun

by the ftroke of a comet, becaufe in the folar

fyftem there are only comets fufficiently power-

ful, and of fufficient motion, to communicate

a fimilar impulfion to maffes of matter which

compofe the planets. If to all thefe circum-

ftances we unite that of the innate heat of the

earth, and of ' the infufficiency of the fun to

fupport nature, we mu ft reft perfuaded, that in

the time of their formation the planets and

earth were in a ftate of liquefaction, after-

wards in a ftate of incandefcence, and at laft

in a fucceffive ftate of heat, always decreafing

from incandefcence to aCtual temperance, for

there is no other mode of conceiving the origin

and duration of this heat proper to the earth.

How to imagine that the fire, termed central,

can fubfift at the bottom of the globe without

air (that is, without its firft aliment, and from

whence this fire fhould proceed, which is fup-

pofed to be fhut up in the centre of the globe)

is difficult, becaufe what origin, what fouree,

(hall we then find for it ? Defcartes has ima-

gined the earth and planets were only fmall

incrufted funs, in other words, funs entirely

ex-
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extinguifhed. Leibnitzhas not hefitated topro-

nouncethat the terreftrial globe owes itsfource,

and the confidence of its matters, to the ele-

ment of fire
;

yet thefe two great philofophcrs

had not the afliftance of thefe numerous cir-

cumftances and obfervations which have been

acquired and collected in our days, and which

are fo well eflablifhed that it appears more than

probable that the earth, as well as the planets,

were projëCled out of the fun, and confequently

of a like matter, which being at firft in a date

of liquefaction obeyed the centrifugal power,

at the fame time as it collected itfelf together

by that of attraction, which has given a round

form to all the planets under the equator, and

flattened under the poles, by reafon of the va-

riety of their rotation; that afterwards this fire

being gradually difiipated, the benign tempera-

ture, fuitable to organized nature, fucceeded

in different planets according to the difference

bf their thicknefs or denfity. If there fhould

be other particular caufes of heat affigned for

the earth and planets, which might combine

with thofe whofe effeCts we have calculated,

our refults are not lefs curious, nor lefs ufeful

to the advancement of fcience
; and we fhall

here only obferve, that thofe particular caufes

may prolong the time of the refrigeration of

the
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the globe, and the duration of living nature,

beyond the terms we have indicated.

But I may be afked is this Theory equally as

well founded in every point which ferves for

its bafe
;

is it certain, according to your ex-

periments, that a globe, as large as the earth,

and compofed of the fame matters, cannot re-

frigerate from incandefcence to aftual tempe-

rature in lefs than 74,000 years, and that in

order to become heated to the point of in-

candefcence a 15th of this time would be re-

quired
;
and alfo that it fhould be furrounded

all that time by the moft violent fire
;
hence

you may fay there are ftrong preemptions that

this great heat of the earth could not have been

communicated to it from a diitance, and that

confequently the terreftrial .matter formerly

made a part of the mafs of the fun
;
but it does

not appear equally proved that the heat of this

body on the earth is at prefent but ~ part

of the heat of the globe. The teftimony of

our fenfes feems to refute this opinion, which

you lay down as a certain truth, for although

we cannot doubt that the eqrth has an innate

heat, which is demonftrated by its always equal

temperature, in all deep places where the cold-

nefs of the air cannot communicate
;

yet does

it refuit that this heat, which appears of a mo-

derate
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derate temperature, is greater than that ôf the

fun which fee ins to burn us ?

To all thefe objections I can give full fatis-

fa£lion, but mud previoufiy refleft on the na-

ture of our fenfations. A very flight, and often

imperceptible, difference in the caufes which

affe£t us, produces confiderable ones in their

effefts. Is there any thing which comes nearer

to extreme pleafure than grief? and who can

aflign the diftarice between the lively fenfation

by which wre are moved with delight, and the

fri&ion which gives us pain ? between the fire

which warms and that which burns ? between

the light which is agreeable to our fight and

that which blinds us ? between the favour

which pleafes our tafte and that which is dif-

agreeable ? between the fmell which will be

agreeably affeded at firfl by a fmall quantity

and yetfoon after become naufeated? We muft

therefore ceafe from being aflonifhed that a

fmall augmentation of heat, fuch as fhould

appear fo flriking.

I do not pretend pofitively to affert that the

innate heat of the earth is really 49 times

greater than that which comes to it from the

fun : for as the heat of the globe belongs to all

terreftrial matter, we have no portion by which

we can feparate it, nor confequently any fenfi-

ble
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hie and real limits to which we might relate it.

But.even if the folar heat is greater or fmaller

than we have fuppofed, relative to the terref-

trial heat, our theory would only alter the pro-

portion of the refaits.

For example, ifwe include the whole extent

of our fenfations of the greateft heat to the

greateft £old, within the limits given by the

obfervations of M. Amontons, that is, between

feven and eight, and at the fame time fuppofe

that the heat of the fun can alone produce this

difference of our fenfations, we (hall from

thence have the proportion of 8 to 1 of the in-

nate heat of the terreftrial globe to that which

proceeds from the fun
;
and confequently the

compenfation which this heat of the fun ac-

tually makes on the earth, would be J and the

compenfation which-it made in the time of in-

candefcence will have been ^0 : adding toge-

ther thefe two terms, we have tV6ô which mul-

tiplied by I2|, the half of the fum of all

the therms of the diminution of heat, givesm or § for the total compenfation made by

the fun’s heat during the period of 74047
years of the refrigeration of the earth to a&ual

temperature. And as the total lofs of the in-

nate heat is to the total compenfation in the

fame ratio as the time of the period of refri-

VOL. x. Q^q geration,
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geration, we fhall have 25 : 1 f : : 74047 :

4813 fo that the refrigeration of the globe

of the earth inftead of having been prolonged

only 770 years, would have been 4813
years; which joined to the longed prolonga-

tion, the heat of the moon would alfo produce

in this fuppofition, would give more than 5000

years.

If we adopt the limits laid down by M* de

Marian, which are from 31 to 32, and fup-

pofe that the folar heat is no more than
3-\

of

that of the earth, we (hall have only | of this

prolongation, about 1250 years, indead of 770

which gives the fuppofition of*
5
-
0 which we

have adopted.

But if we fuppofe that the fun’s heat is only

of that of the earth, as appears to refult

from the obfervations made at Paris, we (hould

have for the compenfation of the incandefcence

•g-^^-and 2I0 for the compenfation tothe end of

the period of 74047 years of the refrigeration

of the terreftrial globe to adtual temperature,

and we fhould find 2V0 f° r the total compen-

fation made by the heat of the fun during this

period, which would give only 154 years, or

the 5th part of 770 years for the time of the

prolongation of refrigeration. And likewife,

if in the place of ~
Q we fuppofe that the folar

heat



NATURAL HISTORY# 2Ç9

heat was of the terreflrial, we fhould find

that the time of prolongation would he five

times longer, that is, 3850 years
;

fo that the

more we endeavour to increafe the heat which

comes to us from the fun relative to that which

emanates from the earth, the more we fhall ex-

tend the duration of nature, and date the an-

tiquity of the world farther back
;

for by fup-

pofing the heat of the fun was equal to the

innate heat of the globe, we fhould find that

the time of prolongation would be 38504 years,

which confequently gives the earth a greater

antiquity of 38 or 39000 years.

If wecaft our eyes on the table which M. de

Mairan has calculated with great exadtnefs,

and in which he gives the proportion of the

heat which comes to us from the fun, to that

which emanates from the earth in all climates,

we fhall difcover a well attefled fa£l, w hich is,

that in all climates where obfervations have

been made, the fummers are equal, whereas

the winters are prodigioufly unequal
;

this

learned phyfician, attributes this confiant equa-

lity of the intenfity of heat in fummer in all

climates to the reciprocal compenfation of the

folar heat, and from the heat of the emana-

tions of the central fire.

Q. q 2 AH
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All phyficians who have employed them-

felves on this point agree with me that the

terreftrial globe poflelfes of itfelf a heat inde-

pendent of that which comes from the fun.

Is it not evident that this innate heat fhould be

equal at every place on the furface of the globe,

and that there is no other difference in this re-

fpe£t than that which refults from the fwelling

of the earth at the equator, and of its flatnefs

under the poles ? A difference, which being in

the fame ratio nearly as the two diameters,

does not exceed -jy-ô, fo that the innate heat of

the terreftrial fpheriod muft be times

greater under the equator than under the poles.

The deperdition which is made, and the time
*

of refrigeration muft, therefore, have been

quicker, or more fudden, in the northern cli-

mates, where the thicknefs of the globe is not

fo great as in the fouthern climates,* but this

difference of Yjo cannot produce that of the

inequality of the central emanations, whofe re-

lation to the heat of the fun in winter being

equal 50 to 1 in the adjacent climates to the

equator, is found double to the 27th degree,

triple to the 35th, quadruple to the 40th, ten-

fold to the 49th, and 35 times greater to the

both degree of latitude. This caufe, which

prefents itfelf, contributes to the cold of the

northern
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northern climates, but it is infufficient for the

effect of the inequality of the winters, fince

this effedi: would be 35 times greater than its

caufe to the 60th degree, and even exceftive in

climates nearer the poles
;

at the fame time it

would in no part be proportional to this fame

caufe.

On the other hand there is not any founda-

tion for fupporting an attempt to maintain that

in a globe which has received, or which pof-

feffes a certain degree of heat, there might be

fome parts therein much colder than others..

We are fufficiently acquainted with the pro-

grefs of heat, and the phenomena of its com-

munication, to be convinced that it is every

where diftributed alike, fince. by placing a cold

body on one that is hot the latter will commu-
nicate to the other fufficient heat to render both

of the fame degree of temperature in a fhort

time. Itmuft not, therefore, be fuppofed that

towards the poles there are ftrata of colder

matters lefs permeable to the heat than in

other climates, for, of whatfoever nature they

may be fuppofed, experience has demonftrated

that in a very (hort time they would become as

hot as the reft.

The great cold in the north plainly does not

proceed from thefe pretended obftacles which

might
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might oppofe themfelvés to the iffue of heat,

nor from the flight difference which that of the

diameters of the terreftrial fpheriod muff pro-

duce; but it appears tome, after repeated reflec-

tions thereon, that we ought to attribute the

equality of the fummers, and the great inequa-

lity of the winters to a much more Ample caufe.

It is certain that the fummers fhould every

where be nearly alike, becaufe the heat of the

fun forms only a fmall augmentation to the real

fund of the innate heat of the earth, that emit-

cd from the fun being no more than ~
Q part of

the heat of the globe
;
the longer or fhorter flay

of it on the horizon, its greater or lefs obliqui-

ty on the climate, and even its total abfence,

would only produce one-fiftieth difference on

the temperature of the climate, and hence the

fummers muft appear, and are, in fa£t, nearly

equal in all the climates of the earth. But

what makes the winters fo very unequal is the

emanations of this internal heat of the globe

being in a great meafure fupprefled as foon as

the cold and froft bind and confolidate the fur-

face of the earth and waters.

This heat, which iflues from the globe, de-

creafes in the air in proportion, and in the

fame ratio as the fpace increafes, and the foie

condenfation of the air by this caufe is fufficient

to
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to produce cold winds, which acting againft

the furface of the earth, binds and freezes it.

As long as this confinement of the external

ftrata of the earth remains, the emanations of

the internal heat are retained, and the cold ap-

pears to be, nay in fact is, very confiderubly

increafed by this fuppreffion of a part of this

heat, but as foon as the air becomes milder, and

the fuperficial ftrata of the globe lofes its ri-

gidity, the heat, retained all the time of the

froft, iffues out in greater abundance than in

climates where it does not freeze, fo that the

fum of the emanations of the heat becomes

equal and every where alike
;
and this is the

reafon that plants vegetate quicker, and the

harveft is reaped in much lefs time in northern

countries
;
and for the fame reafon it is, that

often at the beginning of fummer we feel fuch

confiderable heats.

If there was any doubt of the fuppreffion of

the emanations of the internal heat by the ef-

fect of froft, we might eafily be convinced of

the fa£t
;

for it is a circurnftance univerfally.

known, that after a
v

froft, we may perceive

fnow to thaw in pits, aquedudts, cifterns,

quarries, fubterraneous vaults or mines, when

even thefe depths, pits or cifterns, contain no

water
;

the emanations of the earth having

their
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their free iflue through thefe kinds of vents,

the ground which covers this top is never fro-

zen fo ftrong as the open land
;

to the emana-

tions it permits their general courfe, and their

heat is fufficient to melt the fnow, efpecially in

hollow places, at the fame time that it remains

on all the reft of the furface where the earth is

not excavated.

This fuppreflion of the emanations of the in-

nate heat of the earth is not only made by the

froft, but likewife by the Ample binding of the

earth, often occafioned by a lefs degree of cold

than that which is neceflary to freeze the fur-

face there are very few countries where it

freezes in the plains beyond the 35th degree la-

titude, particularly in the northern hemifphere.

It appears, therefore, that from the equator, as

far as the 35th degree, the emanations of the

terreftrial heat having always their free iflue,

there ought to be in that part little or no dif-

ference between winter and fummer, fince this

difference proceeds only from two caufes, both

too flight to produce any fenfible effeéh The
firft caufe is the difference of the folar adtion,

but as this action is itfelf much fmaller than

that of the terreftrial heat, its difference is too

inconfiderable to be regarded as any thing.

The fécond caufe is the thicknefs of the globe,

which
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which towards the 35th degree, is near T|^th

part lefs than at the equator, but even this dif-

ference can only produce a very flight effect,

fince at 35 degrees the relation of the emana-

tions of the terreftrial to the folar heat is in

fummer from 33 to 1, and in winter from 153

to 1, which gives 186 to 2 or 93 to 1. From

hence it can be only owing to the confolidatic n

of the earth occafioned by the cold, or even to

the cold produced by the durable rains which

fall in thefe climates, that we can attribute

this difference between winter and fummer
;

the binding of the earth by cold fupprefles a

part of the emanations of the: internal heat,

and the cold, always renewed by the fall of

rain, diminifhes its intenfity
;
thefe two caufes,

therefore, together produce the difference be-

tween winter and fummer.

After having proved that the heat which

comes to us from the fun is greatly inferior to

the innate heat of our globe ; after having ex-

plained that, by fuppofing it only part, the

refrigeration of the globe to adual temperature

cannot be made but in 75,832 years
; after

having demonftrated that the time of this re-

frigeration would ftill be longer, if the heat

fentfrom the fun to the earth was in a greater

relation, namely, of or T
4
^ inftead of 0̂ , we

vol,x. R r cannot



buffon's3°6

cannot be blamed for having adopted the pro-

portion which appears the moft plaufible by

phyfical reafonings, and at the fame time the

moft probable, by not extending too far back

the time of the commencement of nature,

which we have fixed at 37 or 38,000 years,

dating it from the firft day.

I neverthdefs acknowledge that this time,

all confiderable as it is, does not appear fuffi-

ciently long for certain changes, certain fuc-

ceffive alterations, which Natural Hiftory de-

monftrates to have taken place, and which feems

to have required a ftiil longer courfe of centu-

ries ;
and from which I fhould be inclined to

imagine, that, in reality, this time would be

increafed perhaps double if every phenomena

was completely inveftigated
;

but 1 have con-

fined myfelf to the leaft terms, and reftrained

the limits of time as much as poffible, without

contradi&ing fads and experiments.

This theory, perhaps, may be attacked by

another objection, which is right to guard

againft. It may be told me that I have fup-

pofed, after Newton, the heat of boiling water

three times greater than that of the fun in

fummer, and iron heated red hot eight times

greater than boiling water, that is, 24 or 25

times greater than that of the adlual tempera-

ture
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tore of the earth, and that there is fomething

hypothetical in this fuppofition, on which I

have founded the fécond bafis of my calcula-

tions, whofe refults would be, without doubt,

very different if this red heat of iron, or glafs,

in incandefcence, inftead of being, in fa£t, 25

times greater than the a&ual heat of the

globe, was, for example, only 5 or 6 times as

great.

The better to know the force of this objec-

tion, let us make a calculation of the refri-

geration of the earth, in the fuppofition that

in the time of incandefcence it was only five

times hotter than it is according to our calcu*

lations, this folar heat, inftead of a compen-

fation of
5
X
0 would have only made the com-

penfation of in the time of incandefcence,

thefe two terms added together gives which

multiplied by 2\, the half of the fum of all the

terms of the diminution of heat, gives for

the total compenfation which the heat of the

fun has made during the whole period of the

deperdition of the innate heat of the globe,

which is 74047 years: therefore we {hall

have : : : 74047 : 888 if, from which we
fee that the prolongation of refrigeration,

which for a heat 28 times greater than actual

temperature, has been only 770 years, Ihould

R r 2 have
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have been 888 f-f-, in the fuppofition that this

firft heat fhould have been only five times

greater than this a£tual temperature. This

alone (hews us that if we even fuppofe this

primitive heat below 25, there would be only

a longer prolongation of the refrigeration of

thé globe, and that alone ‘appears to me fuffi-

cient to fatisfy the objeâion.

It may likewife be faid, “ you have calcu-

lated the duration of the refrigeration of the

planets, not only by the inverted ratio of their

diameter, but alfo by the inverted ratio of their

denfity ;
this might be well founded if we

could imagine that in fa£t there exifts matter

vvhofe denfity is as different from that of our

globe: but does it exift ? What, for example,

will be the matter of which Saturn is compof-

ed, fince its denfity is more than five times lefs

than that of the earth ?”

To this I anfwer, that it would be very eafy

to find, in the vegetable clafs, matters five or

fix times lefs denfe than a mafs of iron, marble,

hard calcareous ftone, &c. but without quit-

ting the mineral kingdom, and confidering the

denfity of thefe five matters, we have 21 -fJ

for iron, 8 f| for white marble, for gres

7 yf, for common marble and calcareous

ftone 7 yf ;
taking the mean term of the den-

fities
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lilies of thefe five matters, of which the terref-

trial globe is principally cotnpofed, we find its

denfity to be io TV* It is therefore required to

find a matter whofe denfity is in the relation of

189 to 1000 denfity, which is the fame as that

between Saturn and the Earth. Now this mat-

ter might be a kind of pumice- (tone, fomewhat

lefs denfe than common pumice ftone, whofe

relative denfity is here I ; from whence it

appears that Saturn is principally compofed of

a light matter fimilar to pumice ftone.

So likewife the denfity of the Earth being

to that of Jupiter as icoo to 292, we muft

fuppofe that Jupiter is compofed of a more

denfe matter than pumice ftone, but much lefs

denfe than chalk.

The denfity of the Earth being to that of the

Moon as 1 000 to 702, this fecondary planet

appears compofed of a matter whofe denfity is

not quite fo great as that of hard calcareous

ftone, but more fo than foft.

The denfity of the Earth being to that of

Mars as 1000 to 730, this planet muft be com-

pofed of a matter fomewhat more denfe than

that of gres, and not fo great as that of white

marble.

But the denfity of the Earth being to that of

Venus as iooo to 12700, it may be fuppofed

that
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that this planet is chiefly compofed of a more

denfe matter than emery, and lefs denfe than

zinc.

In fine, the denfity of the Earth being to that

of Mercury : : 1000 : 2040, or : : 10 :

20 ttôïï) it rciuft be thought that this planet is

compofed of matter lefs denfe than iron, but

more fo than tin.

To the queflion, how can animated nature,

which you fuppofe everywhere eftablifhedjexift

in planets of iron, emery, or pumice (tone ? I

fhall anfwer, by the fame caufes, and by the

fame means as it exifts on the terreftrial globe,

although compofed of ftone, gres, marble, iron,

and glafs. There are other planets like our

globe, whofe principal is one of thefe matters ;

but the external caufes will foon have altered

its fuperficial ftrata, and according to the dif-

ferent degrees of heat or cold, drynefs or hu-

midity, they will have converted this matter

into a fertile earth proper to receive the feeds

of organized nature, which only needs heat

and moifture to develope itfelf.

Having fatisfied the objections which ap-

peared firft to prefent themfelves, it is necef-

fary to explain the fails, and obfervations, by

which we are aflured the fun is only an accef-

fory to the real heat, which continually ema-

nates
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nates from the globe of the earth; and it will be

juft, at the fame time, to fee how comparable

thermometers have taught us in a certain man-

ner that the heat in fummer is equal in all the

climates of the earth, excepting Senegal, and

fome other parts of Africa, where the heat is

greater than elfewhere.

It may be demonftrated by inconteftible va-

luations, that light, and confequently the heat of

the fun, emitted on the earth in the fummer, is

very great, comparatively with that emitted by

the fame body in winter
;

and yet, by very

exa£t and reiterated obfervations, the difference

of the real heat of the fun in fummer is very

fmall. This alone would be fufficient to,prove

that the heat of the fun makes only a fmall part

of that of the terreftrial globe
;
but in addition

to which M. Amontons, by receiving the rays

of the fun on the fame thermometer in fum-

mer and winter, obferved, that the greateftheat

in fummer in our climate differs from the cold

in winter, when the water congeals, as only

7 differs from 6 ; whereas it can be demon-

ftrated that the action of the fun in fummer

is about 66 times greater than that of the fun

in winter
;

it therefore cannot be doubted, that

there is a fund of very great heat in the ter-

Teftrial globe, on which, as a bafe, the degrees

of
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of heat arife, and that at the furface it does not

give a greater quantity of heat than that which

comes from the fun.

If it be afked, how we can then affert that

the heat in fummer is 66 times greater than

that in winter in our climate ? I cannot give

a better anfwer than by referring to the me-

moirs given by the late M. de Mairan in 1719,

1722, and 1765, and infer ted in thofe of the

Academy, becaufe in thofe periods he examin-

ed, with a fcrupulous attention, the viciflitudes

of fummers in different climates
; the various

caufes for which may reduced to four princi-

pal ones: 1. The inclination under which

the light of the fun falls according to the

different height of the fun on the horizon;

2dly. The greater or lefs intenfity of light in

proportion as its paffage in the atmofphere is

more or lefs oblique
;

3dly. The different dif-

tance of the earth to the fun in fummer and

winter; and 4thly. The inequalities of the

length of days in different climates. By the

principal that heat is proportional to the a£Hon

of light it will be eafily demonftrated, that

thefe four united caufes, combined and com-

pared, diminifhes, with refpeél to our climate,

this afition of the fun’s heat in a ratio of about

66 to 1 between the fummer and the winter

folftice ;
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folftice
;
and this theory may be regarded as

certain, as the fécond truth from experience,

and which demonftrates, by the obfervations of

the thermometer, immediately expofed to the

fun’s rays in winter and fummer, that the dif-

ference of real heat in thefe two is, neverthelefs,

at moft only from 7 to 6 ;
I fay at moft, for

this determination given by M. Amontons is

not near fo exa£t as that which has been made

by M. de Mairan, who, after a great number

of ulterior obfervations, proves that this re-

lation is only as 32 to 31. What, therefore,

mud indicate this prodigious inequality be-

tween thefe two relations of the action of the

folar heat y
which is from 66 to 1 ; and of that

of the real beat
7 which is only from 32 to 31

between fummer and winter? Is it not evi-

dent that the innate heat of the globe of the

earth is confiderably greater than that which

comes to us from the fun ? It appears, in fa6I,

that in the climate of Paris this heat of the

earth is 29 times greater in fummer, and 491

times greater in winter than that of the fun, as

M. de Mairan has determined it. But I have

already faid that we muft not conclude, from

thefe two combined relations, the real relation

of the heat of the globe of the earth to that

which comes from the fun, and I have given

vol. x. S f reafons
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reafons which have determined me to fuppofe

that we may eftimate this heat of the fun 49
times lefs than the heat which emanates from

the earth.

From the year 1701 to 1756 inclufrve, we
made a variety of obfervations with thermo-

meters, and the following were the refillts: we
collected the greateft degree of heat, and that of

cold, which was experienced at Paris in each

year
;
we made a total of thefe, and found that

the mean eftimate, in all the thermometers,

reduced to Rheaumur’s divifion, was 1026, for

the greateft heat in fummer, that is 26 degrees

above the freezing point
;
and that the mean

degree of cold in winter, during thofe 56

years, was 994, or 6 degrees below the freez-

ing point of water, from whence we conclud-

ed that the greateft heat in our fummers at

Paris differs from the greateft cold of our win-

ters only
3
-
2 , fince 994 : 1026 : : 31 : 32 ;

and it was on this foundation that we ftated

the latter to be the relation of the greateft

heat to the greateft cold. But it may be ob-

je&ed againft the precifion of this valuation,

the defeét of the conftruftion of the thermo-

meter, and Rheaumur’s divifion (to which we
have here reduced the fcale of all the reft)

;

and this defe£t is extending only 1000 degrees

below
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below that of ice, as if 1000 degrees was, in,

fad, that of abfolute cold, whereas abfolute cold

does not exift in nature; and that of the fmalleft

heatfhould be fuppofed 1 0,000 inftead of 1,000,

which would alter the thermometer's gradation.

It may likewife be faid that it is not impoilible

that all our fenfations between the greateft heat

and the greateft cold are comprifed in as fmall

an interval as that of an unit on 32 of heat, but

that the voice of judgment feems to be raifed

againft this opinion, and tells us this limit is

too confined, and that it is much eafier to re-

duce this interval than to give it an eighth or a

feventh inftead of a thirty-fecond.

But be this valuation as it may, there can

be no doubt of the truth of thefe fads, which

we have drawn from our obfervations, for in

the fame manner as we found, from the atten-

tion of 56 fucceffive years, the heat of fummer

at Paris 1026, or 26 degrees above the freezing-

point, we alfo found, with the fame thermo-

meters, that the heat in fummer was 1026 in

every climate of the earth, from the equator to

the polar circle
;

at Madagafcar, in the iflands

of France and Bourbon, Roderigo, Siam, and

the Eaft-Indies
;

at Algiers, Malta, Cadiz,

Montpelier, Lyons, Amfterdam, Upfal, Peterf-

burgh, and as far as Lapland, near the polar

S f 2 circle.
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circle. At Cayenne, Peru, Martinico, Car-

thagena in America
;
at Panama

;
in fhort, in

all the climates of the two hemifpheres and

continents where obfervations could be made,

it has been conftantly found that the liquor of

the thermometer rofe equally to 25, 26, or 27

degrees in the hotteft days in fummer
; and

from hence enfues the inconteftible fad of the

equality of heat in fummer in all climates of

the earth. There are indeed fome exceptions,

for at Senegal, and fome few other places, the

thermometer rifes 5 or 6 degrees higher, to

31 or 32 degrees
;

but that arifes from acci-

dental and local caufes, whiçh do not alter the

truth of the obfervations, nor. the certainty of

this general fad, which alone might likewife

demonftrate to us, that there really exifts a

very great heat in the terreftrial globe, that the

effed, or the emanations, of which are nearly

equal in all the points of its furface,' and that

the fun, very far from being the only fphere of

heat which animates nature, is at bed only the

regulator. T his important fad, which we
confign to pofterity, will difcover the real pro-

portion of the diminution of the heat of the

terreftrial globe, which we have been only able

to ,determine in a hypothetical manner. In a

few centuries, I am confident, it will be found

that
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that the greateft heat of fummer, inftead of

raifing the liquor of the thermometer to 26,

will not raife it more than to 25, or 24 ;
and

from this effeét, which is the refult of all the

combined caufes, a judgment may be formed

of the value of each of the particular caufes,

which the total effect of heat produces to the

furface of the globe
;

for the heat which be-

longs to the earth, and which it has poffeffed*

from the time of incandefcence, has very con-

fiderably diminifhed, and will continue to di-

minifh with the courfe of time
; this heat is

independent of that which comes from the fun
;

the latter may be looked upon as confiant, and

confequently in futurity will make a greater

compenfation than at prefent. To the lofs of

this innate Jmat of the globe there are two

other particular caufes, which may add a con-

fiderable quantity of heat to the effect of the

two firft, the only ones we have as yet taken

notice of.

One of thefe particular caufes proceeds, in

fome meafure, from the firft general caufe,

and may add fomething thereto. It is certain

that during the time of incandefcence, and in

all the fubfequent ages till that of the refrige-

ration of the earth, not any of the volatile

matters could refide at the furface, or even in

the
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the internal part, of the globe
;

they were

raifed and difperfed in the form of vapours, and

could not depofit themfelves but fucceflively in

proportion as it cooled, by which means fome

of thefe matters have penetrated through the

clefts and crevices of the earth to great depths,

in an infinity of places
;
and this is the primitive

foundation of volcanos, which are all found in

lofty mountains, where the clefts of the earth

arc fo much the greater as thefe points of the"

globe are more proje£ting and ifolated. This

depofit of the volatile combuftible matters of

the firft ages will have been greatly augmented

by the addition of every combuftible matter

which has been fubfequently formed. Pyrites,

fulphurs, coal, bitumen, &c. have penetrated

into the principal cavities of ttet earth, and

produced almoft every where' great' maftes of

inflammable matters, and often conflagrations,

which have been manifefted by earthquakes,

eruptions of volcanos, and by the hot fprings

which flow from mountains, or run internally

in the cavities of the earth. It may, there-

fore, be prefumed that thefe fubterraneous fires*

fome of which burn without explofiôn, and

others with great noife and violence, fomewhat

increafcthe general heat of the globe. Never-

hdefs this addition of heat can be only very
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flight, for it has been obferved that it is nearly

as cold on the top of volcanos as on the top of

other mountains of the fame height, excepting

at the time when the volcano throws out in-

flamed vapours or burning matters.

The fécond caufe, which feems' not to have

been thought of, is the motion of the moon

round the earth. This fecondary planet per-

forms its evolution round the earth in 27 days

and one third, and being 85,325 leagues dif-

tant, it goes over a circumference of 436,329

leagues in this fpace of time, which makes a

motion of 817 leagues in an hour, or from 13

to 14 leagues a minute. Although this rout is,

perhaps, the flowed of all the celeftial bodies,

yet it is rapid enough to produce on the earth,

which ferves for the axis or pivot to this mo-

tion, a confiderable heat by the fri&ion which

refults from the weight and velocity of this

planet. But it is not poflible to value the

quantity of heat produced by this exterior

caufe, becaufe hitherto we have had nothing

which might ferve us for a term of comparifon.

But if we ever can difcover the number, mag-

nitude, and velocity, of all the planets which

circulate round the fun, we fhall then be able

to judge of the quantity of heat which the

moon can give to the earth, by the much

greater
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greater quantity.of fire which all thefe va fl: bo-

dies excite in the fun. For my own part I am
greatly inclined to think that the heat producéd

by this caufe in the globe of the earth, does not

prevent it from making alfo a very confiderable

part of its own heat : and that, in confequence,

we muft ftill extend the limits of time for the

duration of nature. But let us return to our

principal objeél.

We have obferved that the fummers are very

nearly equal in all the climates of the earth,

and that this truth is founded on inconteftible

fadls
;
but it is not the fame with refpeft to

winters, they are very unequal, and vary in

different climates, as we remove farther from

that of the equator, where the heat in winter

and fummer is nearly the fame. I think I have

already explained in a fatisfa£lory manner, the

caufe of the inequality by the fuppreflion of

the terreflrial heat. This fuppreflion is, as I

have faid, occafioned by the cold winds'which

fall from the air, bind the earth, freeze the

waters, and {hut up the emanations' of the

terreftrial heat during the time the frofts re-

main
;
fo that it is not at ail furprifing that the

cold in winter is in faft fo much the greater

as wre advance further towards the climates

where the mafs of air, receiving the rays

of
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of thé fun more obliquely, is for that reafon

colder.

But, with refpeét to the cold as well as to

the heat, there are fome countries which are an

exception to the general rule. At Senegal,

Guinea, Angola, and probably in every

country where the natives are black, as in

Nubia, the country of the Papous, New Gui-

nea, &c. it is certain that the heat is greater

there than in any other part of the earth
;
but

it is from thofe local cau fes which we have

explained, and therefore in thofe particular

climates where the eaft wind reigns during the

whole year, paffes over a very confiderable

track of land, and receives a fcorching heat

before it arrives to them, it is not furprifing

that the heat is found 5, 6, and even 7 degrees

greater than it is elfewhere. The exceflive

colds of Siberia, are alfo to be attributed to that

part of the furface of the globe being much

higher than that which furrcunds it. “ The
northern Afiatic countries (fays the Baron

Strahlenberg in his Defcription of the Ruffian

Empire) are confiderably more elevated than

the European. They are like a table, in com-

parifon of the bed on which they appear to be

placed; for on coming from the weft and leav-

ing Ruflia, we pafs to the eaft by the moun-
VÔL. x. T t tains
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tains Ripha and Rymnikas to enter Siberia, and

conftantly advance on an afcent.” u There

are many places in Siberia, fays M. Gmelin,

which are not lefs elevated above the reft of the

earth, nor lefs remote from its centre, than are

many high mountains in many other regions.”

Thefe plains of Siberia appear, in fad, to be as

high as the fummit of the Riphean mountains,

on which the ice and fnow do not wholly melt

during fummer
;
and if the fame effed does

not happen in the plains of Siberia, it is be-

caufe they are lefs detached, for this local cir-

cumftance alfo adds much to the duration and

to the intenfity of cold and heat. A vaft plain

once made hot will retain its heat longer than

a detached mountain, although both are alike

elevated ;
and for the fame reafon the moun-

tain once cooled will retain its fnow or icç

longer than the plain.

But if we compare the excefs of heat with

that of cold produced by thefe particular and

local caufes, we (hall be furprifed to find, that

in Senegal, &c. where the heat is greateft, it ne-

ver exceeds feven degrees beyond the fummer

heat in other countries, which is 26 degrees

above the freezing point, whereas the colds

of Siberia fometimes reach 60 or 70 degrees

below it, and that at Peterlburgh, Upfal, &c.

under
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under the fame latitude as Siberia, the greateft

cold is not more than to 25 or 26 degrees be-

low the freezing point
;

therefore, we muft

conclude, that thefe local caufes have much

more influence in cold than in hot climates.

Altho’ we cannot pretend to determine what

this great difference in the excefs of cold and

heat may produce, yet by reflecting thereon, it

appears that we may eafily conceive the reafon

of this difference. The augmentation of the

heat in fuch a climate as Senegal can only pro-

ceed from the aftion of the air, the nature of

the foil, and the depreflion of the ground
;

this country being alrnoft on a level with the

fea, is in a great meafure covered with fcorch-

ing fands, and over which an eafterly wind

continually blows, which, inftead of refrefhing

the air, only renders it more burning, becaufe

it traverfes over more than 2000 leagues of

land in its way, and confequentlv acquires a

confiderable degree of heat. But in fuch

countries as Siberia, where the plains are ele-

vated like the fummits of mountains above the

level of the reft of the earth, this foie differ-

ence of elevation muft produce an effeâ pro-

portionally more than the depreflion of the

ground of Senegal, which cannot be fuppofed

greater than that of the level of the fea
;
for

T t 2 if
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if the plains of Siberia are only elevated 4 or

500 fathoms above the level of Upfal, or Pe-

terfburgn, we muff ceafe from being aftoniftied

that the excefs of cold is fo great there ; fince

the heat which emanates from the earth, de-

creafes at each point as thefpace increafes, and

this elevation of the ground alone fuffices to ex-

plain this great difference of cold under the

fame latitude.

On this point there remains only one intereft-

ing queftion. Men, animals, and plants, may,

for fome time, fupport the rigour of this cold,

which is 60 degrees below the freezing point ;

but could they alike fupport a heat which lbould

be 60 degrees above it ? To this we anfwer,

yes, provided we knew as well how to guard

againfl: the heat as we do to fhelter ourfelves

from the cold
;
and if the air could, during the

remainder of the year, rçfrefli the earth, in the

fame manner as the emanation of the heat of

the globe warm, the air in cold countries. We
know of plants, infe&s, and fifh, which live

and grow in baths of .confiderable heat ; there

are, therefore, fpecies in living nature, which

can fupport this degree of heat
;
and as the

negroes are in the human -race thofe whom a

ftrong heat the lead incommodes, might we

not conclude, according to this hypothefis,

that
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that earth has continued to decline from its

original heat, and that the.race of negroes are

more ancient than that of white people.

GENERAL VIEWS OF NATURE.

FIRST VIEW.

NATURE is that fyftem of laws eftablifhed

by the Creator for regulating the exiftence of

bodies and the fucceffion of beings. Nature

is therefore not a body, for if it were fo it

would comprehend every thing; neither is it a

being, for in that cafe it would neceffarily be

God. We mufl rather confider Nature as an

immenfe living power, which is in fubordina-

tion to the Supreme Being, and by his com-

mand animates the univerfe, and whofe adions

are dependent on, and continued by, his con-

currence or confent. This power is that part

of the Divine power which is manifefted to

mankind
;
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mankind
;

it is the caufe and effed, the mode
and fubftance, the defign and execution. Ex-
tremely different from all human art, whofe

productions are inanimate, Nature is herfelf a

work perpetually alive, an adive and unceaf-

ing operator, who knows how to make ufe

of every material, and though always employed

on the fame invariable plan, her power, in-

ftead of fuffering diminution, is perfedly in-

exhauftible : time, fpace, and matter, are her

means
;
the univerfe her objed

;
and motion

and life her end.

Every objed in the univerfe are the effeds of

this power. Thofe fprings which fhe makes

ufe of are active forces which time and fpace

can only limit but never deftroy
;

forces which

unite, balance, and oppofe, but incapable of

annihilating each other. Some penetrate and

conned bodies, others heat and animate them.

It is principally by attradion and impulfion that

this power ads upon brute matters, while heat

and organic molecules are her chief adive

agents, which file employs in the formation and

expanfion of organized beings. Aided by fuch

inftruments, how can the operations of Nature

be limited ? She only wants the additional

power to create and annihilate to become omni-

potent. But thefe two extremes the Almighty

has
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has referved to himfelf alone : the power of

creating and annihilating are his peculiar attri-

butes; that of changing, deftroying, unfolding,

renewing, and producing, are the only privi-

leges he has conferred on this or any other agent.

Nature, the minifter of his irrevocable com-

mands, the ctepofitary of his immutable de-

crees, never deviates from the laws he has pre-

scribed to her
;
Ihe never changes any part of

his original plan, but in all her operations (he

exhibits the will anddefign of the eternal Lord

of the univerfe. This grand defign, this unal-

terable impreffion of all exiftence, is the model

upon which fhe invariably a£ts; a model which

all the features are fo ftrongly imp relied that

they can never be effaced ;
a model which

the infinite number of copies, inftead of im-

pairing, only ferve to renew.

Therefore we may affirm that every thing

has been created, but nothing annihilated; Na-

ture a£ts between the two without ever reach-

ing either the one or ether extreme. It is in

fome points of this vaft fpace, which fhe has

filled and traverfed from the beginning of ages,

that we mull endeavour to lay hold of her to

bring her into view.

What an infinity of obje&s, comprehending

ari infinity of matter, which would have been

created



328 buffon’s

created in vain, had it not been divided into

portions, feparated from each other by almoft

inconceivable fpaces. Myriads of luminous

globes, placed at immenfe diftances, are the

bafes which fupport the fabric of the univerfe,

and millions of opaque globes, which circulate

round them, conftitute the moving order of its

archite£hire. By two primitive forces, each

of which are in continual aétion, thefe mafles

are revolved and carried thro’ the immenfity

of fpace
;
and their combined efforts produce

the zones of the celeftial fpheres, and in the

midft of vacuity eftablifh fixed ftations, and

regular routes and orbits. From motion pro-

ceeds the equilibrium of worlds, and the repofe

of the univerfe. The firft of thefe forces is

equally divided, but the fécond is feparated in

unequal proportions. Every atom of matter

contains the fame degree of attradlive force,

while every individual globe has a different

quantity of impulfive force affigned to each.

Of the flars, feme are fixed and others wan-

dering
;
fome globes appear formed to attraft,

and others for impelling or being impelled.

Some fpheres have received a common impul-

fion in the fame direction, and others a- particu-

lar impulfion. Some flars are alone, and others

are attended by fatcllites
;
fome are luminous,

and
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and others opaque mafles. There are planets

whofe different parts fucceflively enjoy a bor-

rowed light, and there are comets which, after

being loft in the immenfity of fpace for feverai

ages, return to receive the influence of the folar

heat. There are fome funs which*appear and

difappear as if they were alternately kindled

and extinguifhed
;
and there are others which

merely fhew themfelves and then are feen no

more. Heaven abounds with great events,

bqt which the human eye is fcarcely able to

perceive. A fun which expires and annihilates

a world, or fyftem of worlds, has no other

effe£t upon the eyes of man than an îgnis-

fatuus ,
which gives a tranfitory blaze and then

vanifties for ever. Man, confined to the ter-

reftrial atom on which he vegetates, confiders

this atom as a world, and looks upon other

worlds as atoms.

This earth which we inhabit is fcarcely

diftinguifhable among the other globes, and

perfectly invifible to the diftant fpheres
;

it is

at leaft a million times fmaller than the fun by

which it is illuminated, and even a thoufand

times lefs than fome of the planets which, by

its influence, the fun compels to circulate

around him. Saturn, Jupiter, Mars, the Earth,

Venus, Mercury, and the Sun, occupy that

vol. x, U u final!
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fmall portion of the heavens which we term

our Univerfe. Thefe planets, with their fa-

tellites, moving with amazing celerity in the

fame direétion, and almoft in the fame plane,

compofe a wheel of an immenfe diameter,

whofe axis fupports the whole weight, and

which by the rapidity of its own rotation muft

inflame and diffufe heat and light throughout

the whole circumference. As long as this re-

gular motion continues (and which will be

eternal, unlefs the Divine Mover exerts the

fame force to deftroy as He thought neceffary to

create them) the fun will burn and illuminate

all the fpheres of this univerfe with his fplen-

dor ; and as, in a fyftem where the whole of

the bodies mutually attract each other, nothing

can be loft, or removed without being return-

ed, the quantity of matter muft always re-

main the fame
;

this great fource of light and

life can never be extinguiflied or exhaufted,

for the other funs, which alfo continually dart

forth their fires, conftantly reftore to our fun

as much light as they take from him. Comets

are more numerous than the planets, and like

them depend on the power of the fun
;

they

alfo prefs on the common focus, and by aug-

menting the weight increafe the inflammation.

They may alfo be faid to form a part of our

univerfe,
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imiverfe, for, like the planets, they are fubjeft

to the attraction of the fun. But in their pro-

jectile and impelled motions they have nothing

in common either with each other or with the

planets. Every one of them circulates in a

different plane, and they each defcribe orbits in

different periods of time
;

for fome perform

their revolutions in a few years, while others

require feveral centuries. The fun, juft mov-

ing round his own centre, remains, in other

refpects, properly at reft in the midft, and, at

the fame time, ferves as a torch, a focus, and

an axis, to all and every part of this wonderful

machine.

That the fun continues immoveable, and re-

gulates the motions of the other globes, is to be

afcribed to his magnitude alone. The force

of attraction being in proportion to the mafs of

matter
;

as the fun is fo confiderably larger

than any of the comets, and contains above a

thoufand times more matter than the moft ex-

tenfive planet, they can neither derange him

nor diminifh his influence, which extending to

immenfe diftances keeps the whole within the

bounds of his power, and thus at particular

periods recalls thofe which have ftretched far-

theft into the regions of fpace. Some of thefe,

on being brought back, approach fo near

U u 2 the
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the fun, that after having cooled for ages they

undergo an inconceivable degree of heat. From
experiencing thefe alternate extremes of heat

and cold, they are fubjeft to fingular vicifii-

tudes, as well as from the inequalities of their

motions, which at fome times are moft amaz-

ingly rapid, and at others fo infinitely flow as

to be fcarcely perceptible. In comparifon with

the planets the comets may be confidered as

worlds in diforder, for to them the orbits of the

planets are regular, their movements equal,

their temperature always the fame
;
they appear

to be places of reft, where, every thing being

permanent, Nature has the power of eftablifti-

ing an uniform plan of operation, and fuc-

ceflively to mature her various productions.

Among the planets the Earth, which we in-

habit, feems to poflefs peculiar advantages
;

from being lefs diftant from the fun than

Saturn, Jupiter, and Mars, it does not ex-

perience that excefs of cold
;

nor is it fo

fcorched as Venus and Mercury, which appear

to revolve in an orbit too near the body of that

luminary. Befides, what a peculiar magnifi-

cence from Nature does the earth enjoy ? A
pure light, gradually extending from eaft to

weft, alternately gilds both hemifpheres of this

globe
;
which is alfo furrounded with a pure

tranfparent;
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tranfparent element. By a mild and fertile

heat all the germs of exiftence are animated and

unfolded, and they are nourifhed and fupported

by a plentiful fupply of excellent waters. Con-

liderable eminences difperfed over the furface

of the land, not only check, but colleft the

moifl vapours which float in the air, and give

rife to perpetual mountains. Immenfe cavi-

ties evidently formed for the reception of thofe

waters, feparate iflands, and continents. The
fea in extent is equal to that of the land : nor

is this a cold and barren element, but a new

empire, no lefs rich and no lefs furnifhed with

inhabitants. By the finger of the Almighty

are the limits of the waters marked out. If

the fea encroaches on the weftern fhores, it

retreats from thofe of the eafl. This great

mafs of water, though ina£live of itfelf, is agi-

tated, and put in motion by the influence of the

celeftial bodies, and from which arifes its regu-

lar and confiant flux and reflux
;

it rifes and

falls with the courfe of the moon, and is al-

ways at the highefl when the a&ion of the fun

and moon concurs, and it is from thefe caufes

uniting at the time of the equinoxes, that the

tides are then higher than at any other time
;

and this is certainly the flrongeft mark of the

connexion ofthis globe with the heavens. Thefe

general
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general and confiant motions are the caufe of

many variable and particular circumftances ;

it is by thofe that the tranfportations of the

earth is occafioned, which falling in the form

of fediment, produces mountains at the bottom

of the fea, fimilar to thofe which are on the

furface of the land
;
they alfo give rife to cur-

rents, which following the direction of thefe

chains of mountains, heftow on them a figure,

whofe angles correfpond, and maintaining a

courfe in the midft of the waves as waters run

upon land, they may be confidered, in fa£t, as

fea-rivers.

The Air being lighter and more fluid than

water, is fubjeCt to the influence of a greater

number of powers. It is conflantly agitated

by the effecls of the fun and moon, by the

immediate aftion of the fea, and by the rare-

faction and condenfation of heat and cold. The

winds are, as it may be faid, its currents
;
they

force and collect the clouds, they give rife to

meteors, and tranfport the moift vapours of

the ocean to the furfaces of iflands and conti-

nents ;
from them proceed ftorms, and they

diffufe and diftribute the fertile dews and rains

over the land
;
they interfere with the regular

motions of the fea, agitate the waters, fome-

times flop, and at others precipitate the cur-

rents.
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rents, elevate the waves, and excite dreadful

florins and tempefts. Forced by them the

troubled ocean rifes towards the heavens, and

with a tremendous noife and violence, rufties

againft ’thofe immoveable barriers, wFich it

can neither deftroy nor furmount.

The Earth being elevated above the level of

the fea, is thus defended againft its eruptions.

Its furface is beautifully enamelled with vari-

ous flowers, and a confiant renewing verdure ;

it is inhabited by numberlefs fpecies of inha-

bitants, and where man, placed to aflift the in-

tentions of Nature, prefides over every other

being, finds a place of perfeét repofe, and a

delightful habitation. He alone is endowed

with knowledge, and dignified with the faculty

of admiration ;
the Almighty has rendered him

capable of diftinguifhing the wonders of the

univerfe, and a witnefs of his increafing mi-

racles. Animated by a ray of divinity, he par-

ticipates the myfteries of the Deity. It is by

this ray that he is enabled to think and reflect,

and that he perceives and underftands the won-

derful works of his Creator.

The external throne of the Divine mag-

nificence is Nature
;
while man, by contem-

plating her, advances by degrees to the internal

throne of the Almighty. He is formed to

adore
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adore his Creator, and to have dominion over

every other creature
;
he is the vafial of heaven*

and the lord of the earth
;
by him this nether

globe is peopled, ennobled, and enriched
;
he

eftablilhes order, fubordination, and harmony

among living beings, and even to Nature her-

felf he gives polifh, extenfion, cultivation, and

embellishment
;

for he cuts down the thiftle

and bramble, and, by his care* multiplies the

vine and the rofe. In thofe dreary defarts

where man has not inhabited, we find them

over-run with thorns and briars
;
the trees de-

formed, broken, and corrupted, and the feeds

which ought to renew and embellifh the Scene,

are choaked by furrounding rubbifh, and re-

duced to fterility. Nature, who, in other fixa-

tions, we find adorned with the fplendour of

youth, has here the appearance of old age and

decrepitude. Here the earth, overloaded with

the Spoils of its productions, inftead of pre-

senting a fcene of beautiful verdure, exhibits

only a rude mafs of coarfe herbage, and trees

loaded with parafitical plants, as lickens, aga-

ries, and other impure and corrupted fruits
;

the low grounds are covered with putrid and

ftagnating waters
;
thefe miry lands being nei-

ther folid nor fluid, are not only impayable, but

are entirely ufelefs to the inhabitants of both

land
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land and water
;

afid the marfhes abounding

with (linking aquatic plants, ferve only to nou-

rish venomous infedls, and to harbour infectious

animals. There is, befides, between the pu*

trid marfhes of the low grounds, and the de-

cayed foreftsof the high parts of the country, a

fpecies of lands, or favannas, but which are

very different to our meadows
;
for in them there

is an abundance of noxious herbs which fpring

up, and check the growth of the ufeful kinds :

indead of that delicate enamelled turf, which

may be confidered as the down of the earth,

they are covered over with coarfe vegetables

and hard prickly plants, which are fo inter-

woven, that they appear to have more connec-

tion with each other, than with the foil
;
and

by a confiant and fuccefiive fpringing up, at

length form a kind of rough mat feveral feet

thick. In thefe uncultivated and defolate re-

gions, there is no road, no communication, and

no veftige of intelligence. Man, when feek-

ing to deftroy the wild beads, is under the ne-

ceffity of following their tracks, and is obliged

to be on the confiant watch, left he fhoukl

become a viClim to their favage fury; alarmed

and terrified by their frequent roarings, and

even awed by the profound fiience of thofe

dreary folitudes, he fhrinks back and exclaims;

vol, x. X x “Uncultivated
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“ Uncultivated Nature is hideous and im*
(t flourishing

;
it is I alone who can render

“ her agreeable and vivacious. Let us drain the

“ marfhes, and give animation to the waters,

€t by converting them into brooks and canals ;

“ let us make ufe of that aCtive and devouring

“ element, whofe power we have discovered
;

“ let us apply fire to this burthenfpme load of

“ vegetables, and to thofe decaying forefts

“ which are already half deftroyed
;

let us

“ complete the work by deflroying with iron

“ what cannot be diflipated by fire ; and then

“ inftead of coarfe reeds and water-liliies,from

V which the toad is faid to extract his poifon,

“ we fhall foon behold the ranunculus, truffles,

“ and other mild and falutary herbs fpringup ;

u that land, which was formerly impaflable,

“ will become a flourifhing pafture for flocks

i( of cattle, where they will find plenty of

food, a never-failing fupply, and where, tjr

t( the excellence of their fuflenance, they will

“ increafe and multiply, and thus reward us

“ for our labours and the protection we have

€t given them. Let us ftill go farther, and

“ fubjeCt the ox to the yoke, let his ftrength

i( and weight of body be employed to plough

“ the ground, which acquires frefh vigour

“ from culture. Thus will tire operations of

Nature,
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u Nature be a {lifted, and acquire double

ftrength and fplendor from the (kill and m-
4( dudry of man.”

How beautiful is cultivated Naître ! How
beautiful does fhe appear when decorated by the

hand of man ! He is himfelf her chief orna-

ment, her nobleft production, and by multi-

plying his own fpecies he increafes the moft

precious of her works. She even feems to

multiply in proportion with his attention, for

by his art he developes all file has concealed

in her bofom. What a fotirce of unknown

treafures has been brought to light ! flowers,

fruits, and grains, matured to perfection, and

multiplied to infinity
;
the ufual fpecies of

animals tranfported, propagated, and increafed,

without number; the noxious and deftructive

kinds diminiftted and driven from the habita-

tions of men
;
gold, and iron, a -more ufeful

metal, extracted from the bowels of the earth
;

torrents reflrained, rivers directed in their

courfes and confined within their banks, and

even the ocean itielf fubdued, inveftigated and

traverfed from one hemifphere to the other
;
the

earth rendered active, fertile, and acceffible, in

every part
;
the vallies and plains changed into

blooming meadows, rich paftures, and culti-

vated fields
;

the hills furrounded with vines

X x 2 and
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and fruits, and their fummits crowned with

ufeful trees
;
the defarts converted into popu-

lous cities, whofe inhabitants fpread from its

centre to its utmoffextremities
;
roads and com-

munications opened, eftablifiied, and frequent-

ed, as fo many proofs of the union and ftrength

of fociety. There are alfo a thoufand other

monuments of power and glory
y which clearly

demonftrate that man is the lord of the earth
;

that he has changed and improved its furfaces
;

and that from the earlieft periods of time he

alone has divided the empire of the world be-

tween him and Nature.

It is by the right of conqueft, however, that

he reigns, for he rather enjoys than poflefies,

and it is by confiant and perpetual activity and

vigilance that he preferves his advantage, for

if thofe are negleâed every thing languifhes,

changes, and returns to the abfolute dominion

of Nature. She refumes her power, defiroys

the operations of man
;
envelopes with mofs

and dull; his mofi pompous monuments, and in

the progrefs of time entirely effaces them, leav-

ing man to regret having lofi by his negli-

gence what his anceftors had acquired by their

induftry. Thofe periods in which man lofes

his empire, thofe ages in which every thing va-

luable perifhes, commence with war, and are

completed



NATURAL HISTORY. 341

completed by famine and depopulation. Al-

though the drength of man depends folely upon

the union of numbers, and his happinefs is de-

rived from peace, he is, neverthelefs, fo regard-

Jefs of his own comforts as to take up arms and

to fight, which are never-failing fources of

ruin and mifery. Incited by infatiable avarice,

or blind- ambition, which is dill more infa-

tiable, he becomes callous to the feelings of

humanity ÿ regardlefs of his own welfare, his

whole thoughts turn upon the dedruciion of

his own fpecies, which he foon accomplidies*

The days of blood and carnage over, and the

intoxicating fumes of glory difpelled, he be-

holds, with a melancholy eye, the earth defo-

lated, the arts buried, nations difperfed, an en-

feebled people, the ruins of his own happinefs,

and the lofs of his real power.

Omnipotent God! by whofe prefence Nature

is fupported, and harmony among the laws of

the univerfe maintained
;
who feed from thy

immoveable throne in the Empirean all the ce-

ledial fpheres rolling under thy feet without

deviation or diforder; who, from the bofom of

repofe, every indant renewed their vad move-

ments, and who alone governs in profound

peace an infinite number of heavens and of

earths, redore, redore tranquillity to a troubled

world !
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world ! Let the .earth be filent ! Let the pre-

fumptuous tumults of war and difcord be dif-

pelled by the found of thy voice ! Merciful

God! author of all beings, whofe paternal re-

gards extend to every created obje<ft
;
but man

is thy principal favourite
;
thou haft illuminated

his mind with a ray of thy immortal light, pe-

netrate alfo his heart with a fhaft of thy love ;

thy divine fentiment, when univerfally diffufed,

will unite the moft hoftile fpirits; man will no

longer be apprehenfive of the afpedl of man,

nor will his hand any longer continue to be

armed with murdering fteel
;

the devouring

flames of war will no longer flop the fources of

generations
;
the human fpecies. which are now

weakened, mutilated, and prematurely mowred

down thereby, will germinate anew, and mul-

tiply without number. Nature, groaning un-

der the preffure of calamity, fterile and aban-

doned, with additional vigour will foon refutne

her former fecundity; and we, beneficent God,

fhall aid, cultivate, and inceflantiy contemplate

her operations, that we, at every moment, may

be enabled to offer thee a frefh tribute of gra-

titude and admiration.

SFCOND



NATURAL HISTORY. 343

SECOND VIEW.

Of whatever kind, or however numerous, in*

dividuals are of no efiimation in the univerfe
;

it is fpecies alone that areexiftences in Nature,

for they are as ancient and permanent as her-

felf. To have a clear and diflindt idea of this

fnbjedt we muff not confider a fpecies as a

colledlion or fucceflion of fimilar individuals,

but as a whole, independent of number or

time, always adtive, and always the fame
; a

whole which was confidered but as one in the

works of the creation, and therefore conftitutes

only an unit in Nature. Of thefe units the

human fpecies is to be placed in the firft rank;

all the others, from the elephant to the mite,

from the cedar to the hyffop, belong to the fé-

cond and third orders. Notwithstanding they

are different in form, fubftance, and even life,

yet each fuftains its appointed deitination, and

fubfifts independent of others, while the whole,

in a general viewT

, reprefents animated Nature,

who has hitherto fupported, and will continue

to fupport, herfelf in the fame manneras fheis

feea
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feen at prefent. Her duration is not to be efii-

mated by a day, a year, an age, nor any given

period of time, for time itfelf relates only to

individuals, to beings whofe exiftence is limit-

ed. It is not fo with refpeCt to fpecies, for

their exiftence is confiant
;

their permanence

produces duration, and their différences give

rife to number. It is in this light we muft

confider fpecies, and give to each an equal

right to the indulgence and fupport of Na-
ture

;
for fo file has certainly confidered

them, by bellowing on each the means of fub-

fifience, and of exifting as long as herfelf.

Let us now confider the fpecies as having

changed places with the individual. In our

preceding obfervations we have feen the rela-

tion Nature holds in refpeCt to man
;

let us

then now take a view in what light file would

appear to a being who reprefented the whole

human fpecies. We perceive that in the fpring

the fields renew their verdure, the buds and

flowers expand, the bees revive from their ftate

of torpor, the fwallows, &c. return to our

climates, the nightingale chants her fong of

love, the lamb frifks, and the bull lows with

defire, and all animated creatures are eager to

unite and multiply their fpecies
;
and we can

then have no ideas but thofe of repro-

duction
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dudion and the increafe of life. But when

the dark feafon of cold and ffoft approaches*

thefe fame beings become indifferent to and

avoid each other
;
many of the feathered race

defert our clime, and the inhabitants of the

waters lofe their freedom under maify con-

gelations of ice
;

various animals dig retreats

for themfelves in the ground, where they fall

into a ftate of torpor
;
the earth becomes hard,

the plants wither, and the trees deprived of

their foliage are covered with frofl and fnow
;

and every objed excites the idea of languor

and annihilation. Thefe appearances, how-

ever, of renovation and deftrudion, or rather

images of life and death, although they feetn

general, are only individual and particular.

Man, as an individual, concludes in this man-

ner, but the being whom we have fuppofed as

a reprefentative of the fpecies, thinks and

judges in a manner more exalted and general
;

in that confiant fucceffion of deflrudion and

renovation, and in thofe various viciffitudes, he

perceives only permanence and duration. The
different feafons in one year appear to him the

fame as thofe of the preceding, the fame as

thofe of millions of ages. The animal which

may be the thoufandth in the order of genera-

tion is the fame to him as the firfl. In a

Y y word.VOL. X.
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word, if man had no period to his exiftence,

and if all the berngs by which he is furrounded

exifted in the fame manner as they do at pre-

sent, the idea of time would vanifh, and the in-

dividual would in fa£t become the fpecies.

Let us then confider Nature fdr a few mo-

ments under this new afpeét. Man certainly

comes into the world enveloped in darknefs.

His mind is equally naked with his body
;
he

is born without knowledge and without de-

fence, and brings nothing with him but paflive

qualities. The impreffions of objet! s he is

under the neceffity of receiving on his organs
;

even the light fhines long on his eyes before

he is able to recognize it. To Nature he is,

at firft, indebted for every thing, without mak-

ing her any return. No fooner, however,

does his fenfes acquire ftrength and activity,

and he can compare his fenfations, than he re-

flects upon the univerfe; he forms ideas, which

he retains, extends, and combines. Man, after"

receiving inflruction, is no longer a Ample im

dividual, for he then, in a great meafure, re-

prefents the whole human fpecies. He re-

ceives from his parents the knowledge which

had been tranfmitted to them from their fore-

fathers
;
and thus, by the divine arts of writing

and printing, the prefent age, in fome fort, be-

comes
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comes identified with thofe that are paft. This

accumulation of the experience of many cen-

* turies in one man, almoft extends the limits of

his being to infinity. He is born no more than

a fimple individual, like other animals, capable

only of attending to prefent fenfations : but

afterwards he becomes nearly the being yve

iuppofed to reprefent the whole fpecies, he reads

what has part, fees the prefent, and judges of

the future
;
and in the torrent of time, which

carries off and abforbs all the individuals of

the univerfe, he perceives that the fpecies are

permanent, and Nature invariable. As the

relations of objects are always the fame, to

him the order of time appears to be nothing
;

he confiders the laws of renovation as only

counterbalancing thofe of permanency. An
uninterrupted fuccellion of fimilar beings, is,

in effect, only equivalent to the perpetual exilic

ence of one of them.

What purpofes then are ferved by tliis im*

menfe train of generations, this profufion of

germs, many thoufands of which are aborttiye

for one that is brought into life ? Does not this

perpetual propagation of beings, which are

alternately deftroyed and renewed, uniformly

exhibit the fame fcene, and occupy the fame

proportion of Nature. From what caufe pro-

Y y 2 ceeds
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ceeds all thefe changes of life and death, thefe,

laws of growth and decay, all thofe individual

viciftitudes, and reiterated reprefentations of

the fame identical thing ? They certainly arife

from the very eflence of Nature, and depend

on the firft eftablifhment of the uiliverfal ma-

chine
;
the whole of which is fixed and fiable,

but each of its parts being endowed with the

power of motion, the general movements of

the celeftial bodies have produced the parti-

cular ones of this terreftrial globe. The pene-

trating forces by which thefe immenfe bodies

are animated, and by which they act recipro-

cally upon each other at a diftance, at the

fametime animate every particle of matter; and

this ftrong propenfity, which every part has

towards each other, is the firft bond of beings,

the ground of confidence and permanency in

Nature, and the fupport of harmony in the

univerfe. From thefe great combinations the

fmaller relations are derived. The earth mov-

ing on its own axis having feparated the por-

tions of duration into day and night
;

all its.

animated inhabitants have their dated periods

pf light anddarknefs, of iheir times of waking

and fleeping. The action of the fenfes, and

the motions of the members which form a

great part of the animal economy, are related

tb
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to this firfl combination
;
for in a world where

perpetual darknefs reigned, would there he

fenfes alive to the enjoyment of light ?

As the inclination of the axis of the earth,

in its annual courfe round the fun, produces

confiderable variations of heat and cold, which

we call Seafons, all its vegetables have alfo,

either wholly or partially, their feafons of life

and death. The fall of the leaves, and the

decay of fruits, the withering of herbs and the

definition of in feels, depend entirely on this

fécond combination. In thofe climates, where

there is not this variation, by the inclination

not being fo material, the life of the vegetable

is not fufpended, ancj every infedt completes

the dated period of its exifl~ence. Where the

four feafons, in fadt, make but one, as under

the line, the furface of the earth is conflantly

covered with flowers, the trees have a perpe-

tual foliage, and Nature feems to enjoy a con-

tinual fpring.

Both in animals and plants, their particular

conftitution is relative to the general tempera-

ture of the earth, and which temperature

depends upon its fituation and diflance from

the fun. If they were removed to a greater

diftance, neither pur animals, nor plants, could

live or vegetate
5
the water, fap, blood, and

all
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sill their liquors, would lofe their fluidity
; and

if they were more near they would van’flh and

diflipate in vapour. Ice and fire are the ele-

ments of death, and temperate heat the firft

fupport of life. The living particles fo gene-

rally difFufed through all organized bodies are

related, not only by their activity but number,

to the particles of light which ftrike and pene-

trate almoft all matter with their heat
;

for in

every place where the fun can heat the earth,

with its rays, the furface will be covered with

verdure, and peopled with animals
;
even ice is

no fooner difiolved into water than it fwarm$

with inhabitants. Water, indeed, is appa-

rently more fertile than the earth
;
from heat

it receives motion and life. In one feafon the

fea produces more animals than the earth fuf-

tains, but its productions of vegetables is infi-

nitely lefs. And it is from this circumftance,

namely, the inhabitants of the ocean not hav-

ing a fufficient and permanent fupply of vege-

tables, that they feel a neceflity fpr feeding

upon each other
;

and it is to this neceflity

that their immenfe multiplication may be re-

ferred.

As in the beginning every fpecies

was created, the firft individual of each

has ferved for a model to their defend-

ants,
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ants. The body of each animal or vegetable

is a mould, to which are affimilated indiffe-

rently the organic particles of all animals or ve-

getables which have been deftroyed by death*

or confumed by time. The brute particles,

of which part of their compofition was formed,

returned to the common mafs of inanimate

matter
\
but the organic particles, whole exift-

ence is permanent, are again rfcfumed by orga-

nized bodies : they are extracted at firft from

the earth by vegetables, and then abforbed by

animals who feed thereon
;
and thus ferve for

the fupport, growth, and expanfion of both.

By this confiant and perpetual circulation from

body to body, they ferve to animate all orga-

nized beings. Thefe living fubftances in

quantity are always the fame, and differ only

in form and appearance. In fertile âges, ahd

when population is the greateft, the whole fur-

face of the earth fcems to be covered with

men, domeflic animals, and ufeful plants. But

in the times of famine and depopulation, the

ferocious animals, poifonous infects, parafitical

plants, and ufelefs herbs, refume, in their turn,

dominion over the earth. To man thefe changes

are material, but to Nature they are perfectly

indifferent. The fdk Worn?, fo ineftimable to

the former, is to the latter only a caterpillar

of
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of the mulberry tree. Tho’ this caterpillar*

which fo materially alTifls in the fupply of our

luxuries, (hould difappear
*
though the plants,

from which our domeflic animals procure their

nourifhment, fhould be devoured by other ca-

terpillars
;
though ftill others fhould deftroy

the fubflance of our corn before the harveft ;

in fhort, though man and the larger animals

fhould be ftarved by the inferior tribes, Na-
ture would not be lefs abundant nor lefs alive

;

fhe never proteéts one at the expence of ano-

ther, but equally fupports the whole. As to

individuals fhe is regardlefs of number, confi-

dering them only as fucceflive images of the

fame impreffion
;
as palling fhadow^s of which

the fpecies is the fubflance.

In earth, air, and water, then, there exifts a

certain quantity of organic matter which can-

not be deftroyed, but which is conflantly affi-

milatedin a certain number of moulds, that are

perpetually undergoing deftruction and renewal
;

and thefe moulds, or rather individuals, though

varying in number in every fpecies, are never-

thelefs always the fame, that is proportioned to

the quantity of living matter; and this appears

to be certainly the cafe, for if there were any

redundance of this matter, or if it was not at

all times fully occupied by the individuals of

the
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the fpecies which exift, it would, moft undoubt-

edly, form itfelf into new fpecies, for being

alive it would not remain without action ; and

once uniting with brute matter is fufficient to

form organized bodies
;
and it is by. this con-

fiant combination, and invariable proportion,

that Nature preferves her form and confidence.

The laws of Nature, both with refpect to

the number of fpecies and of their fupport and

equilibrium, being fixed and confiant, fhe

would invariably have the fame appearance,

and be in all climes abfolutely the fame, if her

complexion did not fo completely vary in

almoft every individual form. The figure of

each fpecies is an imprefiion, in which the

principal chara&ers arefoftrongly engraven as

never to be effaced
; but the acceffory parts and

fhades are fo greatly varied that no two indi-

viduals have a perfect refemblance to each

other
;
and in all fpecies there are a number

of varieties. The human fpecies, which has

fuch fuperior pretenfions, varies from white to

black, from fmall to great, &c. TheLaplander,

the Patagonian, the Hottentot, the European,

the American, and the Negro, though the off-

fpring of the fame parents, have by no means

the refemblance of brothers.

Z zVOL» X. It
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It is evident, therefore, that all fpecies are

fubjecft to individual differences, but each of

them do not equally pofiefs the confiant varie-

ties which are perpetuated through fuccefiive

generations
;
the more dignified the fpecies the

lefs changeable is its figure, and the lefs are the

varieties of it. The multiplication of animals

being inverfely in proportion to their magni-

tude, as the poflibility of variation muft be in

exa6t proportion to the numbers they produce,

there confequently muft be more varieties

among the fmall than the large animals
; and

alfo, for the fame reafon, there will be a greater

number of fpecies which feem to approach

each other, for the unity of the fpecies in the

large animals is more fixed, and the nature of

their feparation more extended. What a num-

ber of various and fimilar fpecies furround

thofe of the fquirrel, the rat, and other fmall

quadrupeds, while the maffy elephant Hands

alone, without a compeer, and at the head of

the whole.

The brute matter, of which the body of the

earth is principally compofed, is a fubftance

that has not undergone many alterations
;

al-

though the whole, by the hand of Nature, has

more than once been difturbed and put in mo-

tion.
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tion. The globe of the earth has been pene-

trated by fire, and afterwards covered and dif-

ordered by water. The fand, which occu-

pies the interior parts of the earth, is a vitri-

fied matter ; and the layers of clay, by which

its furface is covered, are nothing but the fame

fand having been decompofed by the operation

of the waters. Granate, free-ftone, flint, nay,

and even all metals, are all compofed of this

fame vitrified matter, whofe particles have been

condenfed or feparated, according to the laws

of their affinity. Thefe fubftances are totally

deftitute of animation
;
they exift, and will

continue to do fo, independent of animals and

vegetables. There are, however, many other

fubftances, which, although they have the ap-

pearance of being equally inanimate, originate

from organized bodies
;
and of this defcription

are marble, lime-ftone, chalk, and marl
;
they

being compofed of the fragments of fhells, and

of thofe fmall animals which, by transforming

the water of the fea into (tone, produce coral,

and all the madrepores, whofe varieties are num-

berlefs, and quantity almoft immenfe. Pit-

coal, turf, and many other fubftances found in

the upper ftrata, are alfo of this nature, they

being only the refidue of vegetables which

have been more or lefs corrupted or confumed.

Z z a Befides
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Befides thefe, there are other fubftances which

hâve been produced by the fécond action of

fire upon original Matters
;
thefe are but few

in number, and confift of fuch as pumice-

ftones, fulphur, the fcoria of iron, aflbeftos, and

lava. To One or other of thefe three great

combinations may be referred all the relations

of brute matter, and all the fubftances of the

mineral kingdom.

The laws of affinity, by which the various

particles of thefe different fubftances feparate

from each other
,
in order to unite among them-

felves, and form homogeneous maffes, are per-

fectly fimilar with that general law by which

the celeftial bodies act upon each other
;
in both

cafes their exertions are the fame. Globules

of water, of fand, or of metal, have the fame

influence, and act upon each other as the earth

acts upon the moon ; and if the laws of affinity

have hitherto been deemed as different from

thofe of gravity, it is becaufe the fubject has

been confidered in a very confined point of

view. The mutual action of celeftial bodies is

very little influenced by figure, their diftance

from each other being fo very great, but the ef-

fect of figure is very confiderable where they

are not far afunder. For inftance, if the earth

and moon, inftead of fpherical figures, were
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both fhort cylinders, and exactly equal through-

out in their diameters, their reciprocal action

would be very little varied from what it is at

prefent, becaufe the diftances of all their parts

from each other would be very little changed.

But if thefetwo globes were cylinders of great

extent, and approached near each other, the

law of their reciprocal action would feem to

be different, inafrnuch as the diftances of their

parts would be greatly varied
;
and from which,

whenever figure becomes a principal in dis-

tance, the law will appear to vary, although in

faét it is always the fame.

The human intellect, guided by this prin-

ciple, may advance one ftep farther., in pene-

trating into the operations of nature. The
figure of the conftituent particles of bodies (till

remains unknown
;
we cannot entertain the

fmalleft doubt that water, air, earth, metals,

and all homogeneous particles, are compofed

of elementary particles, which are perfectly

fimilar, although we are ftill ignorant of their

figure. By the aid of calculation this at pre-

fent unknown field of knowledge may be dif-

clofed by pofterity, and the figure of the ele-

mentary bodies be afcertained with tolerable

precifion. They may take the principle we
have eftablifhed as the bafis of their enquiry

;

namely,
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namely, “ That all matter is attraPed in the

“ inverfe ratio of the fquare of the diftance
;

€i and this law feems to admit of no variation

“ in particular attrapions but what arifes from
“ the figure of the conftituent particles of each

“ fubftance, becaufe this figure enters as an

“ element or principle into the diftance and

having once difcovered, by repeated experi-

ments, the law of attraPion in any particular

fubftance, they may then, by the aid of calcu-

lation, be able to trace the figure of its confti-

tuent particles. To render this point more

clear, let us fuppofe, that by placing mercury

on a perfePly polifhed furface, repeated expe-

riments prove that this fluid metal is always

attraPed in the inverfe ratio of the cube of the

diftance
;

it will then become neceflary to in-

veftigate what figure gives this expreflion
;

and this figure will certainly be that of the con-

ftituent particles of mercury. If it fliould ap-

pear, by fuch experiments, that the attraction

of mercury was in the inverfe ratio of the

fquare of the diftance, it would be clearly de-

monftrated that its conftituent particles were

fpherical, becaufe a fphere is the only figure

which obferves this law, and at whatever dif-

tance globes are placed the law of their attrac-

tion is always the fame.

Newton
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Newton had fome idea that chemical affini-

ties (which are nothing more in fact than thefe

particular attractions we have mentioned) were

produced by the fame kind of laws as thofe of

gravitation
;
but he does not appear to have

perceived that all thofe particular laws were

merely fimple modifications of the general one,

and that their appearing to differ arofe folely

from the circumftance of the figure of the

atoms, which attract each other, having, when

at fmall diftances, a greater influence upon the

force of this law than the mafs of matter.

It is, notwithstanding, upon this theory that

the perfect knowledge of brute matter depends.

The bafis of all matter is the fame, and its

form throughout would be perfectly fimilar, if

the figures of its conftituent particles were not

different
;
and thus it is that one homogeneous

fubflance can differ only from another in pro-

portion to the difference of their original par-

ticles. A body compofed of fpherical particles

ought to be one half fpecifically lighter than

that whofe particles are cubical, becaufe as the

firft only touch each other by their points

they leave fpaces between equal to what they

occupy, whereas the cubical particles join with-

out leaving the fmalleft interval, andmuft con-

fequently form a matter half as heavy again.

Although
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Although the figures are confiderably varied,

that variation is by no means fo numerous as

we might imagine, fince Nature has fixed the

limits of levity and gravity. Gold and air, with

refpect to denfity, are the two extremes, and

therefore all the figures in Nature muft be com-

prehended as coming between thofe two; fuch

as would have produced heavier or lighter fub-

ftances have been rejected.

In fpeaking of figures, as employed by Na-

ture, I do not mean to imply they muft be

lieceffarily, or are exactly, fimilar to thofe

geometrical figures which we form in our

imagination. We form laws by fuppofition,

and then endeavour to render them fimple by

abftraction. It is very poffible that there are

neither exact cubes nor perfect fpheres in the

univerfe
;
but as certainly nothing exifts with-

out form, and as from the variation of fub-

ftances the figures of the elements are different,

fome of them moft undoubtedly muft approach

to the fphere, the cube, and all the other regu-

lar figures which we have conceived. The pre-

cife, abfolute, and abftract, which our minds

are fo frequently induced to admit, cannot

have any exiftence,becaufe all objects are relat-

ed, differ only by almoft imperceptible fliades,

and are allied by proximation. It is by the

fame
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fame rule that when I fpeak of one fubftance

as being entirely full, becaufe compofed of cu-

bical particles, and another as being not more

than half full, becaufe its parts are fpherical,

I mean only comparatively, and not that fuch

fubftances really exift; for experience has fully

informed
T
us, that in tranfparent bodies, fuch as

glafs, which is both denfe and heavy, there is

but a fma.ll quantity of matter in proportion to

the extent of the intervals
;
nay, as we have

before obferved, it might be demonftrated

that even gold, which is the moft denfe fpe-

cies of matter, has more vacuities than fub-

ftance.

To invefligate the powers of Nature is the

object of rational mechanics, while actual me-

chanics is folely confined to a combination of

particular powers, and confequently the art of

conftructing machines. This art has at all

times been fecure of cultivation from neceffity

and convenience
;
and both ancients and mo-

derns have equally excelled in it. But rational

mechanics is a fcience invented in our days, for

from the days of Ariftotle to thofe of Defcartes,

even the philofophers have reafoned no better

upon the nature of motion, but have uniformly

miftaken the effect for the caufe. Impulfion

was the only force with which they were ac-

voL. x. A a a quainted
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quainted, to which they attributed the effects

of others, and referred to it all the phenomena

of the univerfe. If this idea of theirs had been

probable, or even poflible, impulfion which they

regarded as the foie caufe, mull have been a

general effect, which equally belonged to all

matter, and which equally exerted itfelf in all

places, and at all times
;
but every day demon-

ftrated the contrary to be the fact
;

for they

muft have perceived that this force had no exift-

ence in bodies at reft
;

that it had but a fhort

fubfiftence in projedted bodies, being foon de-

ftroyed by refiftance
;

that a frefh impulfe was

abfolutely neceffary for its renewal, and that,

confequently, fo far from being a general caufe,

it was only a particular effedt produced by

others more general.

It is, however, true, that we ought to confi-

der a general effedt as a caufe, for we cannot be

acquainted with the real caufe of this effedt, be-

caufe all our knowledge is derived from com-

parifon
;
and as there is not any thing to which

we can compare an effedt, which is fuppofed

general and equally belonging to every thing,

we can know it only by the fact. According

to this view, attraction, or gravity, being a ge-

neral effect common to all matter, and clearly

evinced by the fact, ought to be confidered as

a caufe ;
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a caufe
;
and to which all particular caufes

fhould be referred, nay even that of impulfion,

fince it is lefs general and lefs confiant
;
and

the principal difficulty is to perceive how im-

pulfion can be an effect of attraction
;
for if

we reft on the communication of motion by

impulfe, we are then perfuaded that it can only

be tranfmitted from one body to another by

elafticity, and that all the hypothefes, which

fuppofe a communication of motion in hard

bodies, are mere ideal fancies, which do not

exift in Nature. A perfectly hard or a per-

fectly elaftic body is entirely imaginary, as

neither of them really exift
;

for it is certain

that nothing exifts abfolutely or in extreme
;

and the idea of perfection mùft fuppofe one or

the other.

It is certain that if there was no elafticity in

matter there would be no impulfive force
; for

inftapce, if we throw a ftone, the motion it

acquires is communicated by the elafticity of

the arm. When motion is communicated by

one body in action encountering another at

reft, how can we poflibly fuppofe it to be done

than by comprefling the fpring of the elaftic

particles it contains, which almoft immediately

after recovering itfelf gives to the whole mafs

an equal force to that which it received. How
A a a 2 a perfectly
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a perfectly hard body fhoftld admit this force,

or receive motion, is beyond comprehenfiori
;

and the enquiry is unneceflary, fince no fuch

body exifts; for, on the contrary, all bodies are

endowed with elafticity. The force of elec-

tricity is proved by experiments to be elaftic,

and to belong to matters in general
;
and there-

fore if no other elafticity exifted in the interior

parts of bodies but that of this electrical matter,

that would be fufficient for the communication

of motion ;
and, confequently, to this great

fpring as a general effect, the particular càüfe

ofimpulfion muft be attributed.

A little reflection on the mechanifm of elafti-

city will convince us that its force depends on

that of attraction. To have a ftill more clear

idea of this fubject, let us fuppofe a fpring of

the mod fimple, füch as of a folid angle of

iron, or of any other hard fubftance, and then

fee what will be the refult of compreffing it.

By compreffion we oblige the parts adjacent

to the top of the angle to bend, or to feparate

a little from each other
;
but the preffure being

removed they again approach as near as they

had done before. Their adhefion, from Which

the cohefion of bodies refults, is clearly an

effect of their mutual attraction. Upon the

fpring being prefled this adhefion is not de-

ft royed,
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ftroyed, becaufe, although the particles are fe-

parated,they are not removed beyond the fphere

of their mutual attraction ;
cotifequently the

moment the preffure is taken away the force is

renewed, the feparated pat ts draw near, and

their fpring isreftored. But if the preflure is

too violent, they will, in that cafe, be removed

beyond the fphere of their attraction, and the

fpring will break, becaufe the compreffing

force Will have been greater than that of co-

hefion, or that of mutual attraction, by which

the particles are kept together. This proves

that elafticity can only exert itfelf in propor-

tion to the cohefion of the particles of matter,

that is, in proportion as they are united by the

force of their mutual attraction-; from which

it refaits, that elafticity in general, which alone

can produce impulfion, and impulfion itfelf,

are owing to the force of attraction, and are

only particular effects which depend on that

general one.

Notwithftanding thefe ideas appear to be per-

fectly clear to me I do not expect to fee them

adopted. The people in general reafon only

from their fenfations, and natural philofophers

determine from their prejudices
;
as, therefore,

both thefe muft be fet afide, very few will re-

main to form a proper judgment
;
but fuch is

the



366 buffon’s natural history.

the (late of Truth, fhe is content with a few

admirers, and is always loft; in a crowd ;
fhe is

at all times auguft and majeftic, notwithstand-

ing which fhe is frequently obfcured by fantaf-

tic opinions, and obliterated by fanciful chi-

meras. I, however, view and underftand Na-

ture in this manner, (and am almoft induced to

believe fhe is ftill more fimple) the phenomena

exhibited by brute matter is caufed by a fingle

force, and from this force, combined with that

of heat, originate thofe living particles which

gave rife to, and fupport all, the various effeâs

of organized bodies.

FINIS .
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